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I.  INTRODUCTION 


The  United  States  Army  Corps  of  Engineers  (COE)  operates  a  system  of 
nine  reservoirs  in  the  Allegheny  River  basin  that  controls  approximately  45% 
of  the  total  drainage  area  of  the  basin.  In  addition  to  the  flood  control 
and  recreation  benefits  that  these  facilities  provide,  the  COE  has  operated 
the  reservoir  system  to  enhance  the  water  quality  of  the  Allegheny  River 
since  the  construction  of  Allegheny  Reservoir  (Kinzua  Dam)  in  1967.  The 
principal  water  quality  objective  of  the  system  operation  is  to  control  the 
adverse  effects  of  the  acid  mine  drainage  that  pollutes  the  Kiskirainetas 
River  on  the  water  quality  of  the  lower  Allegheny  River. 

The  purpose  of  this  study  was  to  develop  and  test  a  model  that  could 
simulate  water  quality  conditions  in  the  Allegheny  River  basin  under 
different  hydrologic  and  reservoir  operational  conditions.  The  periods 
chosen  for  study  were  l  dune  1975  through  11  October  1975,  and  1  July  1977 
through  30  September  1977.  Streams  modeled  in  this  study  include  a  190.5 
mile  reach  of  the  Allegheny  River  from  Kinzua  Dam  downstream  to  the  vicinity 
of  Pittsburgh,  Pennsylvania,  and  three  major,  regulated  tributaries:  French 
Creek,  the  Clarion  River,  and  the  Kiskiminetas  River.  The  selected 
hydrologic  conditions  are: 


•*  Existing  Conditions 

-  all  fac i 1 i t ies 

in 

place 

and 

operated  as  they 
study  period. 

were 

during 

the 

0  Pattern  A 

-  all  fac 1 1  i 1 1 es 

in 

place 

and 

operated  as  they 

were 

duri ng 

the 

study  period,  except 

that 

the 

outflow  from  Kinzua  Dam  Is  reduced 
to  500  cfs  during  the  period  from  5 
July  through  30  September  for  both 
test  years. 

°  No  Corps  Storage  -  unregulated  strearaflows  as  they 

would  occur  without  Corps  of 
Engineers  reservoirs  in  the  basin. 

Hydraulic  and  water  quality  simulations  were  performed  using  a  COE 
computer  program  entitled  "Water  Quality  for  River-Reservoir  Systems"  (Smith, 
1978).  Data  required  as  input  to  the  program  included  geometric  cross 
section  data  for  each  river  or  river  reach,  flow  rates,  meteorological  data 
and  water  quality  data. 

Results  of  water  quality  simulations  were  analyzed  using  the  COE 
'■nmputer  programs  "Water  Quality  Statistics"  (WQSTAT),  "Water  Quality  Plot" 
fWQPLOT),  and  "Water  Quality  Profile"  (WQPROFILE).  Information  is  provided 
for  comparison  purposes  in  the  form  of  statistical  summaries  of  system 
responses  and  graphical  displays  of  selected  water  quality  constituents  at 
kev  locations  and  times.  Data  flies,  including  both  input  data  and 
simulation  results,  ar>  the  principal  products  of  the  study.  This  report 
provides  do'  mentation  f  study  methodology  and  preliminary  interpretation  of 
illustratlv'  ■‘--■mpie  simulation  results. 


IT.  SUMMARY 


The  Hydrologic  Engineering  Center  (HEC)  computer  program  "Water  Quality 
for  River-Reservoir  Systems"  (WQRRS)  was  applied  to  the  Allegheny  River 
System  between  Lock  and  Dam  No.  2  (River  Mile  6.7)  and  Kinzua  Dam  (River  Mile 
197.2).  Hydrologic  conditions  for  the  system,  including  major  tributaries, 
were  simulated  for  the  summers  of  1975  and  1977.  Three  conditions  of 
operation  were  considered: 

0  Existing  Conditions — with  all  facilities  in  place  and 
opera  Ling, 

°  Pattern  A — with  the  outflow  of  Allegheny  Reservoir  reduced 
to  500  cfs  over  the  period  5  July  through  30  September,  and 

0  No  Corps  S t orage--wi th  no  Corps  of  Engineers  regulation. 

These  results  were  then  used  in  WQRRS  to  simulate  changes  in  water 
quality,  including  temperature,  alkalinity,  total  dissolved  solids,  pH,  BOD, 
and  dissolved  oxygen  for  each  of  the  selected  operating  conditons. 
Simulation  results  of  Existing  Conditions  study  case  compared  favorably  with 
observed  water  quality  conditions  during  the  1975  and  1977  study  periods. 
Therefore,  the  model  was  considered  suitable  for  use  in  analysis  of  the 
effects  of  storage  and  regulation  on  water  quality,  particularly  of  extreme 
events  that  may  be  of  environmental  or  economic  consequence.  Illustrative 
examples  of  comparisons  that  can  be  made  with  the  results  of  simulations  are 
presented  and  briefly  described. 

Streamflows  during  both  the  1975  and  1977  study  periods  were  considered 
to  be  above  normal.  As  such,  these  study  periods  provided  little 
representation  of  the  low-flow  conditions  under  which  streamflow  regulation 
can  provide  maximum  enhancement  of  water  quality  throughout  the  basin,  and 
particularly  in  the  lower  Allegheny  River.  However,  the  following  general 
conclusions  are  evident  from  analysis  of  the  simulation  results. 

°  The  existence  of  storage  and  regulation  in  the  Allegheny 
River  system  tends  to  reduce  water  quality  extremes. 

0  In  the  absence  of  Corps  of  Engineers  facilities  in  the 

basin  or  without  planned  system  operation  of  existing 
facilities,  there  is  an  increased  likelihood  that  adverse 
water  quality  changes  could  occur. 

Additional  detailed  analysis,  not  within  the  scope  of  the  present  study, 
is  required  to  evaluate  specific  consequences  of  storage,  regulation  or  other 
means  of  water  quality  control  in  the  Allegheny  River  System.  Basic  water 
quality  data  which  were  used  in  this  study  and  which  may  be  required  in 
subsequent  analysis  are  documented  on  files.  They  are  identified  as  to 
source  in  Appendix  A.  Results  of  30  simulation  runs  performed  with  WQRRS  are 
available  also  on  computer  output  files  and  are  summarized  in  statistical 
form  in  Appendix  B. 
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PHYSICAL  SETTING 

r'ron  its  source  in  north  •  t  n  t  t  a 1  I’imo  •  I  v  i  a !  a  ,  1  hi*  ii  *  i;!u*u  '  li :  vo*  i  ‘lows 

in  a  northwest  d  i  rer  f  i  >n  into  Sew  York  S'.t**.  Tin*  r  i  >■*•:  Mien  1  irr.s  toward 
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tributaries,  is  shewn  in  Ki.o  :*  ..  '  *■•  lriin.ee  areas  an  *  si*  ;*es  .  t 

principal  tributaries  art  listed  i  .*  '  iK  '. 

Elevations  in  the  Allegheiv  .  *,  ia  rain*  r  r  >•>.  .* ,  •>'■<  '  ;  >*e»  ,\\  A  D* 

Allegheny  Mountain  to  less  than  •'  ;.*••;  j  n  t  Me  •  **.  ,  iw«*e  at  the  mo.it  h  of 

the  Allegheny  River.  The  nort  r  •  r  ••  r  •  .  r  «>:  ’  ••  nasi  .  is  i  ca'iire 

el  an  i  a  ted  plateau  with  gentle  - ;*■•*.  .n»:  "  e*  .*  .  •  s  a*,.'  swamp*; .  The 
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The  climate  of  the  A.’  leghenv  Ki  v.*i  K..“  in  !  >-  temperate  nd  humid  with 
fairly  wide  seasonal  variations  in  ‘ emperat  *ire .  Temper  1 1 a  r.  in  excess  0; 

and  below  0°F  c,in  in*  expected  annua!  Iv  thru.:  ant  f  !*<  stud,*  area.  The 
prevailing  wind  is  from  the  west  or  Las  a  westerly  ompoi.cnt  .  Precipitation 
in  the  basin  varies  with  location  and  ranges  from  Jh  to  41  Inches  per  .ear. 

The  unregulated  stream  disitiiarp.es  in  t  tie  *\i  leghenv  Rivet*  basin  have  a 
wide  seasonal  variation.  The  ni glatst  flows  ge-erallv  00 •  nr  during  tin*  Tenths 
of  December  through  April  when  soils  are  saturated  or  frozen  and  conducive-  to 
high  runoff.  However,  it  i*  possible  tor  major  floods  to  occur  at  an-'tine  of 
t  lie  year.  Most  of  the  1  >.  is  daring  the  winter  and  early  spring  periods  ar* 
the  results  of  prolonged  1  iinf.ill  over  large  areas,  sometimes  accompanied  hy 
snow  melt.  The  simmer  floods  general!  *  result  from  intense  t  tiuiiderst  ort; 
rainfail,  which  msv  he  v..*rv  l*>c  » 1  in  extent.  However,  tropical  storms  may 
also  occur  (luring  the  summer  ,1  i  tall  seasons  and  can  cause  extensive 
flooding  over  the  basin.  Tin*  river  imrmaiiv  freezes  in  the  winter  months, 
and  ice  jams  frequently  ...mse  local  flooding. 

The  Allegheny  River  basin  can  be  1  tiar  actor i zed  as  low  to  moderate 
v'ieMiing  at  hast  flow  with  the  ground  water  ront  rihut  ion  to  stream  t  low  being 
relatively  unilorm  throughout  the  basin.  The  discharge  ot  unregulated 
streams  is  often  low  in  the  late  summer  and  early  fall.  The  average 
7 -c ease,  at i ve -day-one e-  i u-t en-year  1.  v-t low  is  shown  in  Table  J  for  selected 
locations  on  tue  Allegheny  River  ma instem. 

*.«ational  Geodetic  Vcrti  al  Datum 
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Figure  1.  Allegheny  River  Watershed 


Table  1'.  ALLEGHENY  RIVER  LOW  FLOW 


Locat l on 

Drainage 

Area 

Ri  ver 

Mi  le 

7-consecut i ve-day 
10-year  average 
recurrence  interval 

(sq.  mile) 

(cfs) 

F ra  nk  l  i  n 

3,982 

12  3.9 

J  ,  250 

L/D  7  (Kit  tanning) 

8,97  3 

2,250 

L/D  4  (Natrona) 

11,410 

24.2 

2,900 

Approximately  1.5  million  persons  reside  within  the  boundaries  of  the 
Allegheny  River  drainage  basin.  Population  densities  are  highest  in  the 
lower  Allegheny  and  Kiskimi netas  River  basin  counties  of  Allegheny, 
Westmoreland,  Armstrong,  and  Cambria.  The  total  combined  population  of 
counties  entirely  or  partially  within  the  basin  is  3.7  million  persons  (from 
1970  census). 

Along  the  30  miles  of  the  Allegheny  Rivet  downstream  of  the  confluence 
of  the  Klskimtnetas  River,  there  are  ten  water  supply  treatment  plants  that 
withdraw  water  from  the  river.  i'he  combined  design  average  withdrawal  of 
tbtse  ten  facilities  is  more  chan  one  hundred  million  gallons  per  day,  and 
the  population  served  is  approximately  1)0,000  persons. 

Manufacturing  Industries  In  the  basin  are  diversified.  The  major 
industries  are:  primary  metal  products,  electrical  machinery  equipment  and 
supplies,  fabricated  metal  products,  petroleum,  wood,  stone,  clay,  and  glass 
products.  The  principal  manufacturing  communities  include:  -Jamestown  and 

Olean,  New  York;  and  Oil  City,  Meadvflle,  Bradford,  Warren,  Franklin, 
Johnstown,  Indiana,  Punxsutawney ,  Johnsonburg,  Ridgeway,  Dubois,  New 
Kensington,  Vandergri f t ,  and  Pittsburgh,  Pennsylvania. 

A  series  of  locks  and  dams  In  the  lower  7.1  miles  of  the  Allegheny  River 
facilitates  commercial  and  recreational  navigation. 

There  are  nine  existing  fossil  fuel,  one  hydroelectric ,  and  one  pumped 
storage  electric  power  generating  facilities  in  the  basin.  Total  combined 
capacity  is  b, 744.5  megawatts,  and  thermal  pollution  problems  exist  at  low 
flow  in  several  reaches  of  the  river. 

Coal,  oil,  natural  gas,  stone,  clay,  sand  and  gravel  are  commercially 
extracted  in  the  basin.  Oil  production,  especially  in  the  northeastern 
portion  of  the  basin,  has  resulted  in  localized  pollution  bv  brines  am)  other 
oil  field  wastes.  Acid  mine  drainage  lmm  active  and  abandoned  bituminous 
coal  mining  operations  is  the  most  serious  water  quality  problem  in  the 
southern  part  of  the  Allegheny  River  drainage  basin.  Mine  drainage  is 
contributed  by  all  major  left  bank  tributaries  from  the  Clarion  River  south 
to  the  mouth  of  the  Allegheny  River.  The  severely  degraded  Klskimtnetas 
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River,  however,  is  the  most  significant  single  source  of  acid  loading  not 
only  in  the  Allegheny  River  drainage,  but  the  entire  Ohio  River  basin. 

Other  important  lan  i  uses  include  agriculture  and  silviculture.  All  of 
the  Allegheny  National  Forest  is  drained  by  the  Allegheny  River. 

Considerable  outdoor  recreation  tacilittes  exist  in  the  National  Forest, 
Corps  of  Engineers  projects,  ana  State  Forests,  gamelands  and  parks  of  the 
ba sin. 

THE  CORPS  OF  ENGINEERS  RESERVOIR  SYSTEM  AND  ITS  OPERATION 

Eight  tributary  reservoirs  and  one  tnainstera  impoundment  have  been 
constructed  in  the  Allegheny  River  basin  by  the  Corps  of  Engineers.  The 
locations  ot  these  projects  are  shown  in  Figure  1,  and  the  pertinent  data  are 
presented  in  Table  3. 

Ail  of  the  reservoirs  are  operated  for  flood  control.  The  reservoirs 

reduce  flood  flows  by  storing  water  during  peak  runoff  periods.  Stream  flows 
are  then  increased  during  low-flow  periods  by  gradually  releasing  the  water 
stored  during  the  high  runoff  periods.  Allegheny  Reservoir,  Woodcock  Creek 
Lake,  and  East  Branch  Clarion  River  Lake  also  have  storage  allocated  for 
low-flow  augmentation  and  water  quality:  349,000,  a, 000,  and  64,300 
acre-feet,  respectively.  With  its  large  volume  of  storage,  Allegheny 
Reservoir  is  the  most  effective  for  maintaining  downstream  water  quality. 
The  rate  of  normal  low-flow  release  is  predicated  on  rhe  natural  flows  ar 
Franklin  and  Natrona,  Pennsylvania.  The  outflow,  however,  can  be  adjusted  to 
control  critical  water  quality  conditions  on  either  the  Allegheny  River  or 

the  Ohio  River.  Woodcock  Creek  Lake  and  East  Branch  Clarion  River  Lake  are 

operated  primarily  to  meet  tributary  requirements  rather  than  mainstem 
objectives. 

In  196’,  a  system  operation  of  Allegheny  River  basin  reservoirs  was 
initiated  to  control  water  quality  in  the  Allegheny  River.  One  of  the 
principal  objectives  of  the  system  operation  is  to  mitigate  the  impact  of  the 
grossly  polluted  Kiskiminetas  River  on  five  lower  Allegheny  River. 

The  acidic  Kiskiminetas  River  enters  the  Allegheny  River  30  miles 
upstream  of  Pittsburgh.  It  drains  an  area  of  1,887  square  miles.  Below  its 
point  of  confluence  with  tiie  Allegheny  River,  the  Kiskiminetas  River  drainage 
accounts  for  17.?  of  the  tot:,’  Allegheny  River  drainage  area.  Experience  has 
demonstrated  that  durin-  a. .amor  low-flow  periods  when  the  contribution  of  the 
Kiskiminetas  River  is  roughly  177.  or  less  of  the  total  Allegheny  River  flow, 
the  Allegheny  River  can  assimilate  the  Kiskiminetas  acid  loading  through 
dilution  and  neutralization  without  any  significant  depression  in  downstream 
pH.  Prior  to  the  initiation  of  the  current  system  operation,  this  17%  limit 
was  frequently  exceeded  and  produced  acid  slugs  and  fish  kills  in  the  lower 
A  1  legheny  River . 

Reservoir  operations  are  now  designed  to  limit  tiie  percentage  of  the 
total  discharge  that  the  Kiskiminetas  River  contributes  to  the  total 
Allegheny  River  flow  at  their  confluence.  This  limitation  is  more 
restrictive  during  summer  low-flow  periods.  During  higher  flow  periods  that 
generally  occur  during  the  winter  and  early  spring  months,  a  greater 
percentage  of  the  Ki sk im i ne ta s  River  flow  can  be  tolerated  without  any 
adverse  effect  on  Allegheny  River  water  quality  and  aquatic  life. 
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potent  i  a  1  lv  ,  eight  •>!  the  nine  reservoirs  in  t  Vie  Allegheny  River  basin 
.an  b(  ul  i  i  i/.ed  in  this  wat  er  quality  system  operation  (Onion  City  Reservoir 
is  excluded  si n<  e  it  does  not  have  a  permanent  storage  pool).  However, 
A1  lechery  Reservoir  and  '•uterauqti  River  lake  ni  tv  t  he  principal  and  crucial 
roles  in  the  operation. 

A!  logheny  Res-rvoir,  !  »•  at  e  '  i  *'  R  miles  upstream  of  the  mouth  of  the 
Ki  sk  imineta..  River.  supp!  :*•«  '  i  et  t  n«>  high  qual'tv  augmentation  for 

dilution  and  ueut  r  a  1  i  /.  i .  ion.  f,";.  -augi:  Rivr  i.a-c  is  located  within  and 
controls  7 2 <  of  the  Kisktisi tietas  Rives  basin.  A*-  can  be  seer,  in  Table  the 

Conemaugh  Dam  outflow  is  ext  rente!  y  acidi  .  when  r.emssarv,  Conemaugh  River 
Lake  is  used  to  rot.,  i  n  a-'.1  flows  until  tug-tenia :  ion  is  available  t  rom 
A 1  1 1  >:  ho  :;v  Reservoir  ..nc  tc  proven:  ;  id  peik-  |  cn  the  Conemaugh  River  basin 
trom  coinciding  with  rir-t  flush  in  -bock  loading  from  the  downstream 
11000:1*  rolled  port  i  on  .-t  the  Ki  si  *’m;  ,,s  witersnod.  Conemaugh  River  Lake  was 

nut  designed  tor  this  put  pose  ,  .  e  1  i  ’<«•  •eer.i .  t*  mporarlly  uses  a  portion 

<>:  its  !  1  cod  control  storage  *  •>;  ..*>•  ’  two  .»• .  k:  following  a  storm  event. 
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Number  ot 

location  IVt  iod  Observer  i^o:s  Max  Min  Mr  a  n 

1  li.)  retr.a  i-1.' i .  ha L1  c  -  ’  :  •  hr  .  ,  .  -a  -.8  1  .h  i.h 

!  lew 

K  i  sk  i m l  ne  t  a s  K  ■  .  i  i  :  \  !>«  7  i  ,  7  1 ')  o  .  u  J  .  4  » .  2 

at  Vandergrift 
v  Ki ve r  Mi  le  !  O. 9 ) ** 

*  i:i  id  juntos  ul  t  lime’s  u  r  in  ■  .'s.i  ru  .1  pH  values. 

**  ORSASt.*'  robot  muni' nr  d  it  ... 


file  dny-to-d.iv  -  ot  :  ..iter  quality  svstem  operation  is 

dependent  upon  the  a. iitly  to  predict  downstream  conditions  in  sufficient 
time  to  en.thl.  tin  an, or  cat  at  i  >.-  it  ic  oe;  t  ••  ’ravel  t  he  reach  from  Kinzca  Dam 

*,  wh  i  e  it  con' m I s  Ai  i  e-cjiua  Keser  -c  ;  r  ,  *  o  the  mouth  or  t  tie  Kiskiminetas  River. 

This  svstom  cannot  irm  dial.  '  mut  'raet  heavy  tltundershowers  that  occur 
ever  tiie  lower  une..nt  roi  !••<!  \  i  s  <  i  t.  ■'  ue  t  a  s  watershed.  There  still  could  he  a 
t  isi.-ki  lling  *  i  >.  ,•  Ot  i  > :  . :  i .  t  .  i  tf  i .  water  1  lowing  I  rotn  the  lower  Allegheny 
River  before  any  C o r p •  operation  ould  minimise  the  problem.  However,  since 
K ;  .i/ii.i  Dam  was  p,'  u  .•<!  inti,  .-pur-it  i  on  in  l'L-',  there  have  been  no  fish  kills. 

the  i.v"  ni  Engineers  ;  r-  sent  )  y  has  a  four- station  Allegheny  River 

water  -  i  l  i ;  y  men  i  t  or  i  up.  network  t  *’  provide  real  time  surveillance  in  the 

basin.  The  system  is  p-rosent  lv  being  opt  rat  ul  hv  the  Ohio  River  Valley  Water 
Sanitation  Commission  !  oR.SAN<  '  and  consists  ot  three  Corps  of  Engineers 
robot  monitors  and  to-'  xi-tiiv  n'<  L\NC<>  monitor  at  Oakmont  .  The  Corps 
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stations  are  Located  at  the  Allegheny  Reservoir  outflow  (River  Mile  197.2), 
the  Allegheny  River  at  Lock  and  Dam  (T./D)  A  above  the  K 1  sk  1  in  1  ne  t  as  River 
(River  Mile  30. A),  the  Kiskiminetas  River  at  Vnndergrift,  and  the  Allegheny 
River  at  Oakinont  below  the  Kiskiminetas  River  (River  Mile  13.3).  Water 
quality  data  collected  hourly  by  ORoANCO  are  available  to  the  Corps  ot 
Engineers.  These  data.  In  combination  with  other  avtilahle  data,  are  used 
during  critical  periods  as  part  of  the  reservoir  regulation  considerations. 

The  monitor  at  L.D  j  serves  as  the  base  station  for  operations  and  generally 
reflects  the  upstream  water  qua  ity  conditions.  The  Vandergrlf t  monitor 
gives  an  Indication  ot  the  .sever!  tv  ot  rite  acid  slug,  while  the  monitor  at 
Oakmont  located  on  the  left  bank  o;  tin-  Allegheny  River,  do  miles  downstream 
of  the  mouth  ot  the  Kiskiminetas  River,  reflects  the  conditions  after 
mixing.  Experience  has  shown  that  total  mixing  does  not  always  occur  In  the 
river.  Therefore,  additional  data  are  collected  from  water  companies  along 
both  banks  of  the  lower  Allegheny  R.ver  to  supplement  robot  monitor  data 
during  these  periods. 
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WORKS  MOREL 

The  Wutei  !,'uattly  for  River-Re  urvuir  System  (Wi)RKS,  model  consists  of 
three  separate  but  integrable  programs:  the  reservoir  water  quality  module 

(WORRSR),  the  stream  hydrau ! ten  mod a :o  Sub) ,  ind  the  strew  water  quality 

module  (WQRRSQ) .  Tin-  Musi.  1  ng  Hydro!  >gic  Rout  i  ng  option  of  Sill’  ind  WQRRSQ 
ire  discussed  below. 

STREAM  HYDRAULICS  -  ME'-iK  i  NGl'M  R;'!’  Ti 

The  stream  system  In  SHI’  1  •  ed  •  a  linear  network  of  volume 

elements  as  illustrated  in  Figure  .  .  Each  element  is  characterized  by 

length,  width,  cross  sectional  *  -e  i ,  hydraulic  radius,  and  a  specific 

relationship  between  flow  and  depth. 

The  Muskingum  me' hod  provides  the  capability  to  route  streamflow 
dynamically  through  the  system,  rather  than  assuming  steady  state  hydraulic 
conditions  and  either  uniform  or  gradually  varied  flow  profiles.  This  method 
is  well  suited  to  simulation  of  the  rapidly  changing  t low  conditions  actually 
experienced  In  t  he  Alloglu  River  hj  jin. 

The  Muskingum  method  Is  based  on  the  assumption  that  the  incremental 
storage  in  a  stream  element  is  related  to  flow  entering  and  leaving  a  channel 
reach  (an  element  in  the  model),  i.e.. 
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Details  cnii  ,  :  i*  i  v  i  1  i.:  i  t  •  tins  i  ",  equ.it  1  <>r;  n.iv  he  found  i  : 

dor  >  i:ri*  ■  n  t  .i  t  i  in  for  W'.tiiRS  <  Smith.  i  'T.s). 

Tliu  WhRKSO  •nr.,!ul  was  mod  l  f .  «»d  lor  'his  study  to  simulate  three  power 
pl.ints  ilonv  the  A  i  1  •  ihu.y  River.  To  represent  prototype  behavior,  a 
quant  itv  of  water  equal  to  the  amount  of  cool  i  rp  water  use!  bv  each  plant  was 
assumed  to  he  withdrawn  l  rnr  an  upstream  element  and  returned  to  the 
Allegheny  River  at  the  !o.  a’iou  of  tin  part  I  u.lar  power  ;>  lant  discharge.  The 
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quality  it  tilt-  w.itt  r  :l  i  senargod  !.y  e.ict  pow.  t  plant  was  set  equal  to  the 
quail  t  v  of  water  1  r.  the  v  i  t  lei  r.i  w  t ,  element  pi  :s  1  user-specified  Increment  of 
quality.  The  average  temperature  rise  ot  effluent  cooling  water  was 
Simula*  ed  :n  this  w  tv  •  or  ■_  a  ■!.  ompu  t  a  t  i  eii 1  time  step.  Evaporation  looses 
were  r  oi-si.it'rc  1  to  he  negligible  in  the  over..  I  l  wot.:  budget  . 

Ho  vaunt,  os  th.  1  w  pH  value:,  .’umnu'ii  in  both  the  Ki -:k i  minetas  River  and 
•tit*  l.. wet  ri  lrien  River  ,  sin  rial  attention  was  given  to  the  technique  for 
.  :  iv.H  ten  p*i  .u  ■  ,  parti,  ular  :  jv-r  'tie  pH  range  of  3  to  1  likely  to 

r.e  expel  ion  e.f  in  •  ire  -  stem.  letra  Te:-i. ,  1  rit  .  ,  <>:  l.atavette,  California, 

wi  :  <  iir.e-  t.v  in  to  study  tn.t  modify,  as  ne.c.xary,  tile  WQKRSQ  pH 
>.ub r-  ml  i  :.t  .'Hi  "  Terra  ! .  _  h  ,  !9d'l;. 

N"rtr:.ili  ,  *  1 ;  •  ■  -  .rh  i:  pH  .>.-'.e<.'  o:t  'i:e  i  arsenate  bu:  ferlng 

system.  A1 1  hough  tin-  x.  to<  ;  nir  t  at  .  i  'count  the  sulfate  system 
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Rr-.-s  ;.  .  it  .  r  ;  ■  .  a  .  ,.  Rivet  w.re  i  ''.lined  t  rotii  the  Corps 

Engineers,  Hit  t  s burgh  Distri.  t  French  .ire  ok,  Clarion  River,  and 

K:  *  -  k  :  :ai  net  as  Rive:  .tv  s,  r  i  -  ,  »  re  o  nt  a '  ne-  ‘re  •  he  *'lood  Insurance 

Adr  inf  str.it  i  >n.  r  1. 1  >  ■ ...  .  p. .  •  -:r«  :  t  .  . ,  t  a  we  •••  :■  r.  v  «••••'.  tor  use  in  the  W.nRRSQ 

model  at  Hr.C;  :i»  .'.nnit  >i  ,.i  or  ur.  ■  I-  •;«•{  r  1  <  Elements  ‘  ram  Cross  Section 
Coordinates  ( i'  K I  'A  1  war  is..:. 

HYbROLOG  If  -  ME  ''.'.KOI  ..'G  !■ ' 


Me  ter o logic  dal  i  re  juiro  :  •  v  :  !.<  W.Ekrn  -r.u.ie  1  iinludi-  dry  bulb  and 
dewpoint  temperature.,  wind  s,  evj  o'.  .1  nver.  Too  necessary  data  are 

recorder:  at  National  'weather  serri.e  f.ilicns.  I/«  t  a  for  this  studv 

were  recorded  at  the  i' ; ; tsburgh  Ai rpor  f  an  an  hour  I v  bisis.  The  Pittsburgh 
data  were  applied  ba.-.  in-wide  with  no  adgus'  ments  . 

Rf  r  eamf  low  in  t  :c  .1  '  v  are.,  war  .  onsid.  r  by  the  .  S .  Geological 

Sut  ve  .-  (1‘SGS)  as  "as..  for  bo  b.  tie  1973  anil  19/7  s:  inly  periods  (I’SC.S , 

1 9 '  ' ,  I*’-,  i°.’7'.  F!'i.  oat  a  were  tare.'  ‘  rotn  eyes  recording  gages  located 
’  I.  f"  ne,  i t  the  nasi'-.  These  date  w.re  ,-c  i;.  i  ie-J  on  a  mean  daily  basis. 

‘rl,e  local  io.is  at  .'S(.S  gages  on  the  mainsten  Clarion,  French, 
r.  i  i.k  ;  ni  net. -is  and  All'-gh.  n*  i  *  vers  and  at  COE  reservoirs  are  shown  in  Figure 
.  I'SiN.s  gages  on  oth<  r  t:  i.  otaries  ar<  non  d  !  Figures  A  through  7. 

Two  methods  wi » ••  used  t ••  estimate  the  magnitudes  of  flows  from  ungaged 
r  r  i  but  a  r  e  , .  In  tin-  *  ;  rst  method,  a  repr>  sent  a  t  i  ve  hydro  graph  was  chosen  for 

t-;i.  h  rive."  i.m  h  h.  tvien  strearafiow  gaging  stations  for  tributaries  t.o  the 

Allegheny  River  and  to  the  Clarion  River  downstream  of  the  Finey  Dam  Gage, 
f  he  t  '  il  volume  ungaged.  I  i  ow  ■.  curving  luring  the  study  period  between 

gages  was  thee,  r  a  I  r  i, !  a  t  ed  .  I’his  viiume  was  a  !  I  nc  a  t  ed  to  ungaged  tributaries 
si  on  tin-  traction  •:  t  I  *w  occurring  in  the  pattern  hydrograph  on  a  given 
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/  \KINZUA  DAM  (ALLEGHENY  RESERVOIR) 


Figure  J.  Schematic  Diagram  of  Aileghenv  River  Svstem 
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hydrugraphs  used  t  or  this  method  i  i  ■  i.  i  ng  t  1  ow  are  listed  in  Table  r> . 


In  the  see.-ed  method,  a  ilaiiv  .low 
magnitudes  ot  flows  from  unpaged  tr! 

River  upstream  of  the  gage  u  Vlnvy  ft  a?  , 
the  recorded  flows  at  all  upstnr.u. 
most  downstream  gage  ,  the  d  .'  »  •  cre-vc  w 
based  on  their  relative  dra  i  nage  ate.-  M.e::  lift  eret.  <■  was  nega  Live,  a 

small  flow  was  assigned  to  ••  i.-t.  un,  a.  t  r  1  hut  ir  v .  In  ti>>v  rivers  the 

J  a  i  1  v  flow  ha  lane  e  me  l  In:.!  ,  :  /••  .  ...  :  .  t  he  model  hydrograph  approach  in 

reproducing  observed  flows  ...•  tin  ..i.wi  ••  t  n  am  •.•ages. 
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I’.ney  Pan  is  a  s : gr  i  a  :  m  ;  :  it  :  :  ■:  to-  i  i  t  ;  .  i  diver.  !.  is  a 

hydroelec  1 1  ic  project  near  rue  corimuuiiv  .>1  Clarion,  IVnnsy  2  vartia.  Poaki  n, 
operations  at  I’inev  Dan:  ejn  u.e  r  ,  .  fl  a.  in  the  <  miles  at  tile 

Clarion  River  b.  !  •  .w  the  project  .:  !  :  -u  t !  et  d . -was  t  ream  a  long  the  Ailegheuv 


River.  Because  of  a  lack  of 
ham,  actual  res-T voir  a,. era!  vi.-.  r  u, 


he 


«  •':  at  releases  made 
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Pin.'v 


An  example  ■;  ri:e  rt-ifls  -  .  ;  ,  •  : 

in  prepar.it  ion  :  or  the  :  : 

Agreement  between  observ  e  I  lows  (  i  n-i t >te 
v  so  I  i  d  line)  is  regarded  is  a  at  ,  con., 

in  the  model  and  the  .aecuru.  c  o:  fi  ■;,! 

simulated  and  observed  t  lows  1  ■■  •  1  .  .  > 

graph  of  Figure  >,  w'n  ’•  ■  ■ 

distinguishable  ;  roni  a  '  i  ; 

greatest  scatter  o.  cur>  I .  . 

account*"!  lor  bv  s !  i  sh  i  *  <  -  i  .i  as  i  •  •• 

ob.scr  v.i ;.  ions. 


'  .  i :  e  e  rt  ormed  in  this  studv, 
i.  a,  is  Shown  in  Figure  H . 
bv  x's,  and  simulated  flows 
ring  the  assumptions  inherent 
.'ir.'Evnts.  Agreement  between 
r :  ed ,  also,  by  the  i orrelat ion 
!:.•••  a  '•>'■!  r  i  t  is  tv.t 
••  tvl.il,  ion.  I  i  is  not  ed  t  ha  i 
1  ere  u  i  '  l  i  n.  aces  are  ol  ’ 

•■  i:  n:  ite  !  peaks  and  aetu 


Typical  simulated  water  st:  :  a-  . 
Franklin  and  Parker  hi  distan.  .  : 

Profiles  are  shown  :  >r  tour  'ondii, 
study  period  in  order  t >.  iliusiiat. 
system  over  a  tail  i ..  *  i  i.-  rang, 

i  nd  i  •  atod  for  reference  purpose1  . 


e  to:  i  ho  A !  l.yheny  River  between 
:-iies)  are  shown  in  Figure  If1. 

I  .1  i /  i  a!  or vais  during  the  1  ST'  7 
1  :teci  b.'diMuii.:  behavior  ot  the 
■  :is.  '.e  channel  bottom  is 


I  I'Mi:  .V!  Or  Fl  •••„■  Mi-  AS.  KF'b-'N  S 


Flow  measurements  ire  t  vt  ical  1  .  ae  .rale  t  within  plus  or  minus  five 
percent  ol  t  lie  actual  :  i.  w.  \  ;-.n  t  i  eu  lari  \  noteworthy  error  in  flow 

measurement  oecu.-s  in  t  lie  i  owe  r  A  1  1  ega  ue.  .  A  flow  balance  based  on  CSt.S 
recording  gages  cons ;  si  ent  A.  prodoee.,  i  .at  r.egat  ive  inflow  ot  water  between 
Kittannim;  and  Sat  l  011,1  .  For  e  I  ••.  re.  or  ted  near,  da'lv  flows  for  water 
ve.ar  ,.r.-  show  :  I . ,  ’  >  i ..  •  "«  ■  _  \  <1  ,»•  j ; , 
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a;  Franklin,  PA.  1177  Study  Period 
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in  tin'  A]  lenii.-iy  River  low  -'.i'  i  ■: 
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•  '  •  .st  *  -If  i  i  ■■  i  .: 
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■  ■ :  t  liio’i'  on',  r a  »  ■ 
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r.  .:  Set  woon  t  iio  L 9  7 and  197/  yt' 

'  •  -ion  im*  the  quality  in  the  1°' 


Three  th-nii  1 1  3  i  s.- 1  a  r,-  •  .  w-.-n  o-  .1  1  I  in  the  .Lii.lv.  Temperatures  it 
, ooliny  water  d  a.-'.a  r  •  ::  •:  i  i.  throe  ,-oai  tiro:  power  ■  lant  s  on  the 

j  n .  .  t  ■  ■  A  !  i  o  ■  no  I  !'  r  ' '  t  hi  m  t  temperature  ri  -• 

, , vo i  r  lie  .  . •  a. r  ,  .  r  . a ;  .  : . 1 1  . i r  t  rises  and  d ! seha  ry  e  r.ilcs  w. ■  r. ■ 

it  jo  i  tor  a  -I  ii:  i,  -  r  :  !  i  r  *  •  t  Iio  Fo  lor  .  1  i'neiyv  Key.u  I  at  .>r  v 

n:  i  ion  (I9HU;  .•••!  :  lie  '■  S  ,S  i  It-','  l  Mlopkonv  Power  System,  1  ? '  - 1 1 A  . 


. v o  i  r  In 


lid**'!'.'  '  .  . 


1  1  st  i  ii,;  ■ .  I 


,|  i  ■  I  i  -  -'at 


at  o.l  i  a  Anpond  j  x  A  . 


v.  Kesru's 


An  enormous  bndv  >f  information  cons  err>;  nf4  the  water  quality  responses 

of  the  Allegheny  River  system  to  tin-  three  operation  scenarios  and  the  two 
hvilri.1  log  i  se-picui  *  s  i  s  available  1  if  review.  Details  of  some  3r*  simulation 
runs  t  1  >  each  for  t  wo  study  periods,  involving  a  system  of  h  major  stream 

reaches,  /  water  paality  parameter-,  etc.;  are  p-esenrod  in  output  f  i  lee 

supplied  to.  HE-".  o  t  a  *  f  s  t  i  ra  1  stim-T:  a ;  :>v;  are  included  as  Appendix  B. 

The  top  ha  1 1  of  the  statist  ?  ••  .»  I  r.u.nma:  !  es  d<  •  :  no  the  c  iiar.i-’  t  or  i  s  t  i s 

.minimi;.,  r ,  l i  mum ,  uMt,  and  standard  deviation)  of  the  simulate  i  water 
;  •  i  I  i  *  •  •*’  a  spec  :  t  i  ed  r  i  vc  r  mile  loo  it  irm  in!  an  a  st  oc  i  a  f  ad  error  analysis, 

’  observed  .ii:a  is  iviii.i:,:..  lor  t  tat  In  .aii  n.  Ilie  bottom  half  is  used  for 
.  onstn.'i-i  mg  tie-  qua  i  i  t  ■  duration  ,r  ip\.i  shown  in  Appendix  (  .  Tiles  data 

inscribe  the  percent  id  s  i  am  I  a  t  ••  value-;  that  exceed  one  ot  the  ten 

i'oi  ,ii'lvsir.V'i  l>.ver  bounds  botueue  a  u>-er  specified  maximum  and  minimum. 

These  data  »r<  o;  orb  tn  a  grt  i  •  ad  •-  t'tat  it  is  unrealistic  f  o  review  them 

i !  !  here.  Rather,  it  is  "lore  iptropnote  t  -•  h  i  gh  1  i  gilt  results  with  a  few 

■elected  examples.  •>c-  oc.i  i  ng  t  ■  ,  :  •  ►  toilowfnv  illustrative  com pari  sons  have 

vvn  .'posen: 

"  Si  aula  to  t  :•  .  •.  rvc  >  W  ■  ;  •  t  v 


'  •  r  s  or  A  ■  1  <'  •  I .  -  •  -i  bivT  Water  Temperature 


ic  t  as  ■'  1  vc  r 


•we  r  1  i  e  ihenv  R  i  ve  r 


l.t  .  >  .  I  •.  nt 


id  arii-n  Hi  ve- r 


:  i>’Xi  \  r ;  '.  ; .  .  .user  wy--:,}  . ?  ;rv 

"  i  .•ore-.  i  1  •  .  •■  h  1  •  I  1  {•».*■  »  ire  '  i  pc K  i  1  i  t  v  of  t  hr-  mode  !  to 
t'pri's.  nf  water  .;na  1  i  t  c  lanc.e  in  r  he  lower  -M  iogheny  River  attri  the 

i  -.ki-.ii  net  .  fit  c  -  ;  Existing  i>.->d ;  r  i  on  tor  tile  19-7  st  udv  period, 

".mu;, i »  e  1  pi!  .rid  IT'S  piv  •  r  i  t-  are  eor:;-are.l  t  -  observations  at  three 

"at  i  -i'-; :  at  Freeport  Natrona  in  t  lie  Alleghenv  River  (above  an  i  below 

ce  V [ x  i  n  i  ne  t  a  s  Riv.-c  ■•■  :  luencc)  <iad  in  flic  lower  reach  of  the  Ki  sk  i  nil  ne>  t as 


.)S  si  mu’  at  i  >  n“  appeal  t  -  if  i  vo  a  good  account  of  observed  hebavier 
t  Freeport  and  Vender. -r  it*  .  The  PIS  !:i  storv  at  Natrona  responds  closely  to 
;•  m.-i  ••  v  t  r  i  a  S  f  e  F  i  sf  i  m  as  flow,  wtiicii  superimposes  its  more  ml  nera  1  i  ?.ed 
.ter  on  the  Jess  tri  e'le  and  lower  TiiS  water  of  the  Allegheny  River  passing 
n  eporr  . 


Toe  v,- i  i  i-:ed  .million  assumed  in  deriving  the  model  is  not  entirely 
ppfopr :  i-  to  the  Allegheny  River  below  its  confluence  with  the  K  i  sk  i  mi  ne  t  a  s 
i-’er,  -muo  m  tcid  p  ’  isie  oi  ten  occurs  along  the  left  bank  in  this  reach. 
'•;•■■  i!  lot  i  at  Natrona  ire  ’  a  ken  from  the  right  bank  and  often  do  not 
■  ic-  t  *  !.•>  low  .'I  .ici'it  M-.-i  •  1  •in,;  tic  left  bank  resulting  from  incomplete  to 


»  EXISTING  CONDITION 


OBSERVED  DATA 


* . ,.ii4Jx.L 

222  22 

JUL 


ALLEGHENY  RIVER 


EXISTING  CONDITION 


OBSERVED  DATA 


I 

I 


liiiJ 

222 


kiskiminetas 


1 


r 


i  EXISTING  CONDITION 
OBSERVED  DATA 


Figure  11 

ALLEGHENY  RIVER  AT  FREEPORT  <RM  32) 
1977  TDS 


Hi  EXISTING  CONDITION 
OBSERVED  DATA 


f 


v  - 


■  '  ><N  VM'F 

Figure  12 

KISKIMINETAS  RIVER  AT  VANDERGRIFT 
1977  TDS 


'  i  *  »  1  *  •  1  *  *  *  *  •  *  *  l  ‘  »  .  I  .  L  .  »  »  »  «  »  .  »  . 
?i?  .'4  ’  K2 


.  j  .  i  i  i  *J 


2. 


26 


r 

► 


EXISTING  CONDITION 
A  OBSERVED  DATA 


w 

*WI 


Figure  13 

ALLEGHENY  RIVER  AT  FREEPORT  (RM  32) 
1977  pH 


EXISTING  CONDITION 
ll.  OBSERVED  DATA 


Figure  14 

ALLEGHENY  RIVER  AT 


NATRONA 


■) 


2S7 


19  7  7  pH 

I 


222 


237 


242 


247 


I 


1  .  1  *■  I  i  i  .  L  ♦  1  i.,  t  i  a  .i  . 

227  232 


JULIAN  DATE 

Figure  15 

KISKIMINETAS  RIVER  AT  VANDERGRIFT 
1977  pH 
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ALLEGHENY  RIVER  WATER  TEMPERATURE 
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Figure  18 

KISKIMINETAS  RIVER  AT  VANOERQRIFT 
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i’.'I'ecLs  of  Operations  on  the  Lower  Allegheny  River 

[lie  simulated  iir.p.ii  t  of  the  K1  skirni  netas  River  on  the  Allegheny  River 
under  Exist i n>;  Conditions  in  1077  is  demonstrated  in  Figures  21  through  2a. 
A  significant  increase  in  flow  at  Natrona  tin  be  seen  (Figure  27)  starting  on 

•  !  •  -•  2'  7  compared  to  the  flow  at  Freeport.  Associated  with  this  Increased 

i  low  is  a  significant  decrease  in  pii  between  Freeport  and  Natrona  (Figure 
>1).  A  similarly  significant  increase  in  IDS  at  Natrona  (Figure  71)  can  be 
ittrihut-d  to  the  Ki sk ini i net a s  River  flows.  The  flows  in  Figures  77  and  2 1 
arc  mean  daily  flows. 

In  contrast  to  the  .  hove  discussion.  Figures  71  ind  2*>  illustrate  the 

:  r.pao  t  s  oi  regulation  'luring  the  19/7  studv  period  on  the  pH  at  Natrona  due 

to  tin  Cittern  A  operation  at  Ki  n/.ua  ham  and  due  to  all  nine  projects  in  the 
ms'  n.  '-lost  notable  in  this  comparison  is  the  attenuation  by  storage  'Figure 
2’)  or  the  ac:c>siopal  pH  extremes  that  re-alt  with  the  first  wash  following  a 
-■'.•'re.  this  effect  is  seen  in  ice  event  beginning  at  day  700,  when  the  pH 
1 : :  ■  'or  unregulate  i  t  ions  dropped  to  about  4.0.  In  contrast,  with 

re,: nil.  it  ion  according  to  Pattern  the  pH  was  maintained  above  7.0.  Again, 

the  severe  .u  id  dewatering  episode  of  davs  209  and  710  that  was  previously 

I  i  .-..'us  sed  did  nr.  t  show  up  i  i  these  simulations.  The  flows  in  Figure  2b  are 
me  mi  da i  i y  f 1 ows . 

r  i  :  nets  o  t _ Ope  ra  t  i  .•>.); _ ep  .  lie  Op  per  Clarion  K  i  ve  r 

•Toe  in:  cieiice  ot  existing  st  or  age  in  m<>.!er  it  inn  the  impact  of  organic 
w  ■  ,t  •  viler  . u  the  sy  it  em  is  illustrated  bv  comparison  of  simulation  results 
!••.  i.  l'  d  in  Figures  2  through  10  for  the  Clarion  River  oe»r  Ridgeway  (River 
Mile  si)  tor  197  '>  conditions.  The  BCD  load  carried  by  tile  scream  is  greatly 

itt-nuired  by  le.u’.a'  i  ..r>  as  compared  to  t  he  No  Corps  Storage  condition 

.  Fi  pure  The  pen.  BoD  in  the  No  Corps  Storage  case  was  about  In  tng/l 

•  cc  Da  :  7  >  >  ,  wuile  under  existing  ,'e-’d  i  t 'i  ors  it  wis  reduced  to  about  5.2 
tr.p  1.  As  gii'wn  i  Figure  .  7,  this  would  result  in  an  increased  dissolved 
ovgeii  content  r  it  f  >o  it  Ridgewav  and  pol  at  s  downstream.  The  flows  In  Figures 

s  and  >:i  i  rc  mean  daily  flows. 


Vi.  CONG U'D INC  COMMENT 

The  comparisons  made  ’ere  onlv  illustrate  the  capabilities  of  the  mxicl 
aid  merely  serve  to  slew  t  '■•  general  nature  of  changes  in  w  iter  quality  that 
can  occur  due  to  the  existence  of  a  capacity  for  streamflow  regulation  in  the 
Allegheny  system.  Many  more  comparisons  can  he  made,  and  much  more  detailed 
iialysis  ot  results  is  possible.  The  data  are  on  tape  and  have  been 
summarized  in  graphical  and  statistical  forms  for  HKC  and  the  Pittsburgh 
Pi  strict  Corps  of  F.ngineers. 
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Figure  26 

ALLEGHENY  RIVER  AT  NATRONA 
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Figure  28 
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APPENDIX  A 


WATER  QUALITY  DATA  SOURCES 


A-  1  . 


ALLEGHENY  RIVER  WATER  QUALITY  DATA 


DATA  SOURCE  INDEX  NUMBER 


TRIBUTARY  TEMPERATURE  QUALITY 


i  . >;ii  •* .itH’o  i‘r *?!*»•' 

2 

1 

Jackson  Run 

2 

1 

Brokenstraw  Creek 

3 

1 

Tidioute  Creek 

4 

X 

East  Hickory  Creek 

4 

1 

Hemlock  Creek 

4 

]_ 

Pithole  Creek 

5 

1 

Oil  Creek 

5 

1 

East  Sandy  Creek 

6 

6 

Sandy  Creek 

6 

6 

STREAM 

TEMPERATURE 

QUALITY 

Bear  Creek 

; 

1,  10 

Sedbank  Creek 

9 

1,  10 

Cowanshannock  Creek 

/ 

1,  10 

Buffalo  Creek 

8 

1,  10 

Bull  Creek 

8 

1,  10 

Pucketa  Creek 

8 

1 

Deer  Creek 

8 

1 

Plum  Creek 

8 

1 

DATA  SOURCES 

1. 

Flow/quality  relationship 

"A 

Allegheny  Reservoir  inflow  temperature 

3. 

Union  City  Reservoir  inflow  temperature 

4  , 

Union  City  Reservoir  inflow  temperature 
for  local  conuitions 

adjusted  downward  to  account 

5  . 

Woodcock  Creek  Lake  inflow  temperature 

b. 

Same  as  Muddv  Creek  in  French  Creek  basin 

7. 

Lovalhanna  Reservoir  inflow  temperature 

8. 

Loyalhanna  inflow  temperature  adjusted 
conditions 

to  account  for  local 

9. 

East  Branch  Clarion  Reservoir  inflow  ad 

justed  to  account  for  local 

conditions 


10.  Observed  data  for  Bull  Creek  from  Tarentura  water  works,  Tarentum,  PA. 


A-l 


A- 2  . 


FRENCH  CREEK  ^ATER  QUALITY  DATA 


DATA  SOURCE  INDEX  NUMBER 

TRIBUTARY  TEMPERATURE  QUALITY 


South  Branch,  French  Creek 

Little  Connenut to  Crook 

Muddy  Creek 

Cussewago  Creek 
Connoaut  Outlet 
Little  Sugar  Creek 
Sugar  Creek 
Patchel  Run 


Twice  per  month 
measurements  from  COE 

4 

5 
4 
4 
4 


1,  6 
1,  6 

1,  twice  per 
month  measurements  from 

COE 

1,  6 
1,  6 
1.  & 

1.  6 

1,  6 


DATA  SOURCES 

1.  Flow/quality  relationship 

2.  Union  City  Reservoir  inflow  temperature 

3.  Union  City  Reservoir  inflow  temperature  adjusted  to  account  for  local 

conditions 

4.  Woodcock  Creek  Reservoir  inflow  temperature 

5.  Woodcock  Creek  Reservoir  inflow  temperature  adjusted  to  account  for 

local  conditions 

6.  pH  measurements  for  Muddy  Creek,  Corps  of  Engineers 


» 


9 


A-  3  . 


CLARION  RIVER  WATER  QUALITY  DATA 


9 


_ DATA  SOURCE  INDEX  NUMBER 

TRIBUTARY  TEMPERATURE  QUALITY 


Crooked  Creek  2 
West  Branch,  Clarion  River  2 
Local  drainage  below  Wilcox  2 
Little  Toby  Creek  3 
Spring  Creek  3 


1 

1 

1 

1 


i 

\ 

1 


Millstone  Creek 
i\*ns  Run 
Mill  Creek 
Toby  Creek 
Piney  Creek 

Deer  Creek 
licking  Creek 


3 

3 

3 

3 

3 

3 

3 


1 

1 

1 

1 

1 

1 

1 


DATA  SOURCES 

1.  Flow/quality  relationship 

2.  East  3ranch  Clarion  River  Reservoir  inflow  temperature 

3.  East  B-anch  Clarion  River  Reservoir  temperature  adjusted  to  account  for 

local  conditions 


» 

A- 3 


f 


A- U .  KISKIMINETAS  RIVER  WATER  QUALITY  DATA 

_ DATA  SOURCE  INDEX  NUMBER 

TRIBUTARY  TEMPERATURE  QUALITY 


Blacklegs  Creek  1  2 

Beaver  Run  1  2 


DATA  SOURCES 

1.  Daily  data  from  COE  Pittsburgh  extrapolated  from  local  thermographs 

2.  Flow/quality  relationship 


I 


t 


A-4 


I 


•f/*. 


A-  5  . 

INFLOW/OUTFLOV 

WATER 

QUALITY  DATA  FOR 

COE  RESERVOIRS 

IN  THE 

ALLEGHENY  RIVER 

BASIN 

DATA  SOURCE  INDEX  NUMBER 

INFLOW 

OUTFLOW 

RESERVOIR 

TEMPERATURE 

DUALITY 

TEMPERATURE 

QUALITY 

Allegheny 

j 

5 

1 

1,  2 

Tionesta  Lake 

3 

s 

O 

2 

Union  City 

; 

5 

T 

2 

Woodcock  Creek 

3 

5 

n 

i- 

2 

East  Branch  Clarion 

River  3 

5 

2 

2,  3 

Mahoning  Creek 

6 

?  ,  7 

2 

Crooked  Creek 

6 

^  7 

-  * 

n 

'y 

Conemaugh 

3 

5 

3 

4 

Loyalhanna 

3 

5 

3 

4 

DATA  SOURCES 

1.  ORSANCO  monitor,  hourlv  measurements 

2.  COE  data,  twice  per  month 

3.  Daily  temperature  data  from  COE  Pittsburgh 

4.  Daily  quality  data  from  COE  Pittsburgh 

5.  Flow/quality  relationships 

6.  Loyalhanna  Creek  Reservoir  inflow  temperature 

7.  Alkalinity  measurements  of  Loyalhanna  Creek  Reservoir  inflow 


A-6  . 

INSTREAM  MATER  QUALITY  DATA 

RIVER 

LOCATION 

SOURCE 

Allegheny 

Freeport 

ORSANCO  monitor 
Freeport  Water  Co. 

Allegheny 

Natrona 

Clearview  Water  Co 

uses 

fiiskiminetas 


Vandergrif t 


ORSANCO  monitor 


APPENDIX  B 


WATER  QUALITY  STATISTICS  FOR 
SELECTED  SITES  IN  THE  ALLEGHENY  RIVER  BASIN 


Trench  Creek  Belov  Me ad vi lie 


e 


3-1 

“Existing  Conditions,"  1975 


ALLEGHENY  WATER  DUALITY  STUDY 

1973  STUDY  PERIOD-FREnCH  CPEE* 

STATISTICS  fo a  existing  conditions  near  neadville 
**•♦*♦*<•••*••••*••*♦*♦  input  data  «*•«**♦••*♦♦♦*♦•♦♦< 

3C5JNNINC  OF  REACH  RIVER  HIl£  73  ID 

END  CF  REaCH  RIVER  MILS.  0.93 

SL'S  REACH  LENDTm  (r.ILES)  l  83 

cchputaticn  interval  (vvxm$>  a 


FIRST  Day  of  SIMULATION  PEFZCD 

132 

<  l 

vlW 

7  3  > 

last  day  of  SIMULATION  PERIOD 

WISER  OF  DAYS  IN  SIMULATION  PERIOD 
USSE®VAT:OnS  AT  river  mile 

304 

I  32 
24  99 

(31 

OCT 

73) 

MF.57  CAV  Or  STUDY  PERIOD 

133 

(  2 

JUN 

73) 

LAST  day  CF  STUDY  PERIOD 

304 

(31 

OCT 

73) 

S*--S C7  PAYS  !H  SP.'SY  PUUC3 

132 

l«**4 

>#•» 

WATER  DUALITY  PARAMETERS  AT  RIVER  M  [L£  24  99 

HU-'SSR  OF  SIMULATION  POINTS  9l2 


*-•  »»M*»*M*  »l  fV*  »***H  ♦♦♦•  •  * 


- * —  SIMULATION  VALUES 


^ArETER 

MINI  M'_"A 

HA  t  l HUM 

MEAN 

STD.  DEV 

Ft-rw  <^**37S> 

3.  7 

IC4.  4 

24  3 

23  4 

T ?,-p«  decree  o 

4  1 

32.  8 

16  6 

3  4 

Ct*  <^D/L> 

7  3 

12  6 

9  4 

1  0 

al kAi MC/L  AS  CACODJ 

42  9 

100  7 

77.  6 

14  3 

HAocmC/L  AS  CACD31 

e4 

123 

101 

13. 

IDE  trs/L) 

77 

148. 

121  • 

ia 

PH 

6  6 

a  3 

7.  3 

7  3 

a  CO  (H5/L> 

\  4 

1  .  9 

X  6 

0.  1 

At  Ev^ENY  RIVER  WATER  QUALITY  STUDY 
STJDY  PE* 1CD-FRENCH  c*£EX 
S-aT’STICS  FOR  Existing  CONDITIONS  SZAR  r.EADvjLLE 
~AT£R  OVALITY  PAR  ALTERS  AT  RIVES  P.1LE  24.  ^9 
N-j-=E»  Gr  SIMULATION  POINTS  912 

PERCENT  C*  S.PULATlCN  POINTS  EXCEEDING  L OWE*  BQUKD  OF  EACH  INTERVAL 


par  a  me  ter 

X 

2 

3 

4 

INTERVAL* 

3 

6 

7 

e 

9 

10 

.  TEh® ( decree  C ) 

100  oo 

99  79 

96  49 

32.  02 

67  34 

M  SO 

33.  33 

13.  37 

3.  84 

0.  68 

lover  sound 

4  13 

7  01 

9.  88 

12  7« 

13  61 

18.  47 

Jl  .  3* 

1*  31 

27  07 

29.  94 

OXY  1MC/L) 

ICO  00 

9  6.  82 

79  17 

31.21 

37.  30 

29  29 

13.  13 

3  40 

I  JO 

0  77 

LOWER  SOUND 

7  30 

9  C2 

8  33 

9  03 

9  36 

10  08 

10  59 

U.  11 

11.  62 

12.  14 

AL*A(MC/L  AS  CACG3) 

ICO  00 

93.  29 

92.  87 

87.  30 

79  29 

66  IS 

33  IB 

<i.  ia 

22.  70 

12.  63 

LC^tB  30UNO 

42.  90 

49.  69 

34  47 

60  26 

66.  03 

71.  94 

77.  63 

83.  42 

09.  20 

94  99 

HARO(NC/L  AS  CAC03) 

100  00 

100.  00 

ioa.  oo 

96  71 

93  64 

89.  47 

79.  71 

30  99 

38.  03 

17  *3 

lc-tr  BOOND 

39  96 

48  43 

36  93 

63  42 

73  9\ 

82.  39 

90  ea 

99.  37 

107.  B3 

116  34 

TOS  Inj/L) 

100  CO 

94  A3 

90  33 

90.  46 

70  31 

70.  61 

39.  87 

39.  47 

3t.  69 

12  94 

LOWER  BOUND 

77  02 

04.  10 

91.  17 

99  24 

103.  31 

U1  3* 

119.  46 

13*.  53 

133  60 

140  60 

PM 

100  00 

93  94 

94  08 

90.  24 

07.  39 

79.  93 

S3.  37 

DO  81 

22.  48 

6  91 

Ld-ER  BOUND 

6  frO 

6.  79 

6  93 

7  13 

7  31 

7.  40 

7.  66 

7.  B3 

0  01 

0  \  B 

BCD  <MG/D 

100  00 

lOO. CO 

100  00 

100.  00 

l  OO  00 

J  00.  00 

ICO.  00 

99.  78 

81. 80 

32  32 

cowen  aovvo 

0  30 

0  64 

0  79 

0  93 

1  07 

1.  22 

1.  at. 

1.  30 

l.  63 

l  79 

P.-l 


1 


B-2  French  Creek  Below  Meadville 
"No  Corps  Storage , "  1975 


RIVEP  WATER  (XJKLITY  6TV0Y 
1T73  STUCY  PER  lOD-FTIENCM  CREEK 

STATISTICS  FCR  NO  CORPS  STORAGE  NEAR  P1EA3V1LLE 


ATA  •  < 

SEC  I NM NO  OP  reach  RIVER  MILE 

73  ID 

End  CF  reach  RIVER  NILE 

0  93 

SU3REACM  LEhOTH  (MILES) 

1.  S3 

COMPUTATION  interval  (HOURS) 

4 

FIRST  DAY  OF  SIMULATION  PERIOD 

132 

(  1  JUN 

73) 

LAST  DAY  OF  SIMULATION  PERIOD 

304 

(31  OCT 

73) 

,‘AMIBER  OF  DAYS  IN  SIMULATION  PERIOD 

132 

OBSERVATIONS  AT  RIVER  MILE 

24  99 

FIRST  DAY  OF  STVDY  PERIOD 

133 

(  2  JUN 

73) 

LAST  DAY  OF  STUDY  PERIOD 

304 

(31  OCT 

73) 

MJM5ER  OF  DAYS  IN  STUDY  PET?  I OD 

132 

WATER  QUALITY  PARAMETERS  AT  RIVER  M I L£  24 

.  99 

NUMBER  CF  SIMULATION  POINTS 

912 

PARAMETER  MINIMUM 

MAX  I MUM 

MEAN 

STD  DEV. 

FUCW(M«*D/S ♦ 

4  J 

130.  0 

23  0 

3 

TE^CDEQPEE  cj 

3  7 

32.  9 

IS.  3 

3  6 

CXY  IMO/LJ 

7  3 

12  9 

9.  3 

1.  1 

ALKACM3/L  AS  C  AC03  > 

DO.  0 

1 03  0 

76.  3 

10.  7 

KARDIMO/L  AS  C AC 03 ) 

31. 

136 

102  • 

10 

TDS  tno/LJ 

04. 

163. 

123 

20. 

PH 

6.  7 

8.  3 

7.  6 

7.  3 

BOD  (MO/L> 

1  4 

1  9 

1.  0 

0.  1 

ALLEOHSNY  RIVER  WATER  QUALITY  STUDY 
IR73  STUDY  RERIOO-ERENCH  CREEK 

STATISTICS  FOR  VO  CORPS  8TORACS  NEAR  HEACVILLE 
WATER  QUALITY  PARAMETERS  AT  RIVER  NILE  DA  99 
VL-SER  OF  SlHL'_ATION  POINTS  9j; 

PERCENT  OF  ElruLATICN  POINTS 


parameter  l 


TEMP (DECREE  C) 

100. 

CD 

90. 

90 

93. 

2? 

LOWER  BOUND 

3. 

71 

6 

63 

9 

33 

OXY  (MC/L) 

100. 

00 

96 

93 

70 

04 

LOWER  BOUND 

7. 

47 

0 

01 

0. 

34 

AA.KA(MO/L  A3  CAC03) 

100. 

00 

96 

39 

92. 

21 

LOWER  BOUND 

30. 

46 

37 

72 

44. 

99 

HA*0(MQ/L  A3  CAC03) 

100. 

00 

100 

00 

99. 

01 

LOWER  BOUND 

09 

96 

49 

37 

39 

19 

TDS  (MO/L) 

100. 

00 

94 

41 

06 

84 

LOWER  BOUND 

03. 

72 

92. 

13 

100. 

33 

PH 

100. 

00 

96. 

60 

94. 

41 

LOWER  BOUND 

6 

69 

6 

86 

7. 

02 

BOD  (^3/L) 

100. 

00 

1  00 

CO 

ICO. 

00 

LOWER  BOUND 

0 

30 

0 

A  4 

0 

79 

•  «  »•«»« 


ETCEEDIN3  LOWER  SOUND  OF  EACH  INTERVAL 
INTERVALS 


1 

> 

b 

7 

0 

9 

:o 

79 

39 

66 

23 

33 

29 

36 

31 

13 

.  90 

4 

06 

0 

80 

12. 

47 

13 

40 

10 

32 

21 . 

24 

24 

.  16 

2  7 

09 

30 

01 

31 

10 

39. 

39 

29 

71 

18 

42 

4 

.  06 

1 

32 

0 

66 

9 

00 

9 

62 

10 

13 

10 

69 

1  1 

.  22 

1  1 

76 

12 

30 

04 

87 

70 

29 

71 

16 

60 

42 

43 

.  09 

31 

91 

13 

60 

32 

23 

39 

32 

66 

79 

74 

03 

81 

31 

68 

37 

93 

64 

93 

IS 

ea 

60 

76 

21 

64 

30 

42 

76 

24 

23 

7 

79 

68 

79 

78. 

39 

90 

00 

97 

61 

107. 

21 

I  16 

62 

126 

43 

76 

64 

60 

20 

41. 

43 

31 

00 

19 

09 

10 

42 

2 

96 

109. 

96 

117. 

39 

123. 

79 

134. 

21 

142. 

62 

131. 

04 

139 

43 

94 

30 

«0. 

79 

73. 

33 

34 

71 

32 

79 

23 

00 

13 

37 

7. 

19 

7. 

06 

7 

32 

7 

69 

7 

S3 

8 

02 

a 

IS 

100 

00 

100. 

00 

100 

CO 

ICO 

00 

99 

<3 

73 

3  a 

32 

6  3 

0. 

93 

1. 

09 

1. 

22 

1 . 

36 

1 

31 

l 

63 

1 

90 

J 


z  r 


B-3  Clarion  River  Near  V  uigt-wav 
"Existing  Conditions,"  1975 


ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1973  STUDY  PERIOD 

STATISTICS  FOR  EXISTING  CONDITIONS  CLAP,  I CN  RIVER 

••«••••«•«##«««««#««««  Input  data  »***♦♦•*•••***•♦••••♦• 

BEGINNING  CP  REACH  RtVER  MILE  67.65 

END  OF  REACH  RIVER  MILE  1.06 

SUP? EACH  LENGTH  (MILES)  2. 11 

CC^UTaTICN  INTERVAL  (HOURS)  4 

FIRST  CAY  OF  SIMULATION  PERIOD  132  <  I  .IN  73) 

LAST  Day  Cr  SIMULATION  PERIOD  304  <31  CCT  735 

Vw-PER  CF  CAYS  IN  SIMULATION  PERIOD  132 

OBSERVATIONS  AT  RIVER  MILE  SI. 31 

FIRST  DAY  OF  STUDY  PERIOD  133  (2  JLN  73) 

AST  CAY  CF  STUDY  PERIOD  304  <31  OCT  73) 

U“SER  OF  DAYS  IN  STUDY  PERIOD  132 


WA'ER  DUALITY  PARAMETERS  AT  RIVER  MILE  81.31 


NL-2ER  CF  SIMULATION  POINTS 

c  1  2 

SIMULATION 

VALUES 

parameter  m: 

IM-VM 

MAX I  MUM 

MEAN 

STD  DEV 

FLOW ( 3 /3  » 

4,  6 

39  3 

i i 

B  6 

~E.MR  ( DEGREE  C) 

3  9 

23.  0 

13.  3 

4  0 

CrY  < **G/L ) 

a  2 

12  0 

10.  0 

0  0 

ALAA(MG/L  Ab  CACC3) 

7.  3 

22.  3 

13.  7 

3  0 

«-S0(^;/L  AS  CACC3) 

12. 

35. 

39 

7 

TDS  ( MG/L  > 

33 

111. 

83. 

14 

PH 

6  1 

7  4 

7  0 

7.  0 

BCD  (MG/v> 

2  6 

8  J 

6.  0 

1  6 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
STUDY  PERIOD 

STATISTICS  for  existing  CONDITIONS  clarion  RIVER 
watts  quality  parameters  AT  river  mile  01.31 

*VU  **  r  F  R  CF  SIMULATION  POINTS  912 


PEPCP.NT  OF  SIMULATION  points  exceeding  LOVER  BOUND  of  EACH  interval 


INTERVALS 


parameter 

1 

2 

3 

4 

3 

6 

7 

0 

9 

10 

TE*"3!  DECREE  C> 

JOD  CD 

9  9.  03 

92  00 

79.  02 

61.  93 

30  77 

32  33 

20  61 

6  39 

1  34 

LOWER  BOUND 

3.  79 

7  71 

9,  63 

11  53 

13  47 

13  39 

17  31 

19  23 

21.  13 

23.  07 

OXY  (MC/L) 

1 00.  CO 

97  37 

07  72 

71.  82 

63  60 

45  29 

27.  S3 

13  33 

6.  36 

1. 97 

LOWER  BOUND 

0  23 

8  61 

G  99 

9.  36 

9.  74 

10  12 

10.  49 

10.  07 

11.  23 

11.  62 

ALKA<M3/L  AS  CAC03) 

100  00 

97  <9 

94  32 

83.  31 

B2.  37 

72  26 

4Q  37 

17  43 

10  42 

3  13 

LOWER  BOUND 

7.  29 

8.  60 

10  30 

11.  00 

13  31 

14  0  1 

16  32 

17.  82 

19  32 

20.  83 

HARD ( MQ/L  AS  CAC03) 

ICC  03 

~3  69 

97  37 

93.  64 

09  23 

03  33 

32.  74 

20.  18 

9  76 

2.  83 

LOWER  BOUNO 

12.  29 

16  66 

21.  04 

23  42 

29  80 

34  17 

38  33 

42.  93 

47  30 

51  1 9 

~C9  (MC/L) 

ICO.  00 

90  23 

93  94 

91  12 

89  14 

83.  64 

77.  4i 

39  90 

7.  33 

2  74 

LOWER  BOUND 

33  06 

42.  70 

30  33 

37  97 

63  60 

73  24 

BO  87 

89.  31 

96  1  4 

103  78 

PH 

ICO  00 

99  37 

99  1  4 

96  93 

91  43 

R9  9| 

04  7* 

77  ro 

«r»  -- 

77  7  1 

LOwFfl  ocwno 

6  l  1 

<*>  ■ 

A  Jt i 

6  32 

6  63 

6  79 

6  92 

7.  03 

7  19 

7  32 

BCD  CrC/Li 

100  00 

95  e2 

56  73 

79  1  7 

72  «0 

63  93 

34  06 

43  33 

34  10 

ie  86 

LOWER  BOUND 

2  39 

3  13 

3  ”2 

4  20 

4  84 

3  41 

3  97 

6  34 

7  10 

7  66 

3-4  Clarion  River  "ear  Ridgi-way 
"No  Corps  Storage,"  1975 


allechesv  rives  water  quality  study 

i  7/1  i;  Ti  ;|>y  n  mi  uU 

STATISTICS  r  Oft  NO  CORPS  3TCRACS  CLARION  RIVER 
«*•«««««««•*»»#•••«•••  INPUT  DATA 
BEGINNING  OF  REACH  RIVER  MILE  87.63 

END  CF  REACH  RIVER  MILE  I.  06 

SU5REACH  LENGTH  (MILES)  2.  il 

COMPUTATION  INTERVAL  (HOURS)  4 


FIRST  DAY  OF  SIMULATION  PERIOD 
LAST  DAY  CF  SIMULATION  PERIOD 
NUMBER  OF  DAYS  IN  SIMULATION  PERIOD 
OBSERVATIONS  At  RIVER  MILE 
FIRST  OAY  OF  STUDY  PERIOD 
LAST  Oay  OF  STUDY  PERIOD 
NUMBER  GF  DAYS  IN  STUDY  PERIOD 


132  (  1  JUN  73) 

304  (31  OCT  73) 

132 
Bl.  31 

133  (  2  JUN  73) 

304  (31  OCT  73) 


WATER  QUALITY  PARAMETERS  at  river  mile 
NUMBER  CF  SIMULATION  POINTS 


-  SIMULATION  VALUES  -- 


iRAMETER 

MINIMUM 

maximum 

MEAN 

STD.  DEV. 

FL0W(M*#3/S) 

0.  4 

82.  7 

7  7 

10.  7 

TEMP (DECREE  C) 

3  I 

30.  2 

1  6  9 

3  4 

OXY  (MO/L) 

6  1 

12.  4 

9.  3 

1.  3 

ALKA(MC/L  A5  CAC03) 

6.  a 

65.  4 

33.  7 

14  8 

MARDIMQ/L  AS  CAC03) 

ii 

1 11. 

60. 

23. 

TCS  CMS/L) 

30. 

379 

133. 

.  62. 

PH 

6  6 

7.  0 

7.  4 

7  4 

BOD  IMS/U 

2.  4 

31  1 

11  4 

7  2 

ALLEGHENY  RIVER  WATER  3'JALlTv  STUDY 
1973  STUDY  PER  I  CD 

STATISTICS  FOR  NO  CORPS  STORAGE  CLARION  RIVER 
WATER  QUALITY  PARAMETERS  AT  RIVER  MILE  Bl  31 
NUMBER  OF  SIMULATION  POINTS  912 


parameter 


PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  BOUND  OF  EACH  INTERVAL 

INTERVALS 

1  2  3  4  3  6  7  0 


TEMP ( DECREE  C> 

LOWER  BOUND 
OX Y  (MD/L) 

LOWER  SOUND 
ALKAfMO/L  AS  CAC03) 
LOWER  BOUND 
HARO ( MC/L  AS  CAC03) 
LOWER  BOUND 
TDS  (MC/L) 

LOWER  BOUND 
PH 

LOWER  BOUND 
BOD  (MO/L) 

LOWER  BOUND 


100.  00 

93  79 

88. 

27 

68 

20 

39. 

34 

40.  14 

37. 

83 

11. 

93 

* 

06 

1. 

73 

3.  07 

7.  39 

10. 

I  1 

12 

63 

13. 

13 

17.  67 

20. 

19 

22. 

70 

23 

22 

27 

74 

100.  00 

98.  36 

96. 

49 

91 

43 

70. 

07 

36.  50 

41. 

99 

31. 

69 

7 

37 

1. 

21 

6  06 

6.  70 

7. 

33 

7 

97 

0. 

60 

9  24 

9 

07 

10. 

31 

1 1 

14 

u 

79 

100.  00 

94.  08 

81. 

91 

68 

20 

49 

12 

34.  90 

30. 

13 

19 

32 

6 

36 

2. 

63 

6.  79 

12.  96 

19. 

13 

23. 

30 

31. 

46 

37.  63 

43 

00 

49 

97 

36 

13 

62 

30 

100.  00 

93.  30 

83 

86 

74. 

36 

61. 

62 

43  29 

33. 

89 

26. 

43 

13 

16 

4 

20 

U.  29 

21.  30 

31. 

31 

41 

33 

31. 

34 

61. 33 

71 

36 

61. 

37 

91 

39 

101 

40 

100. 00 

83.  60 

69 

08 

43 

07 

34 

43 

29  39 

20 

30 

9 

SI 

4 

7 1 

2 

19 

30.  07 

64  96 

99 

03 

13* 

74 

169 

63 

204.  ;2 

239 

42 

274. 

31 

309 

20 

344. 

09 

100.  00 

99  67 

99 

23 

96 

27 

92. 

32 

07  83 

02 

46 

74 

78 

63 

37 

41. 

34 

6  49 

6  62 

6 

73 

6 

80 

7 

02 

7  15 

7 

23 

7 

*1 

7 

34 

7 

67 

100. CO 

79  40 

33 

93 

36 

84 

33 

22 

25.  00 

10 

33 

7 

89 

4 

82 

2 

19 

2.  42 

3.  29 

8 

»•••< 

17 

11 

04 

13. 

«•»»< 

92 

►  ••• 

16.  79 

19 

♦  •  ••  < 

67 

•  ••• 

22 

•  ••• « 

33 

t  ••• 

23 

42 

• 

20 

30 

B-5  Clarion  River  "ear  Piney 

"Existing  Conditions 9 n  1975 


ALLEGHENY  RJv'ER  WATER  GUalITY  STUDY 
l9?t  STUDY  PERIOD 

STATISTICS  PDR  existing  ccnd  I  TIOnS  CLARION  RIVER 

.  . . .  INrt'l  UAIA  . . . 

be-inmno  cf  reach  river  mile  B7.  63 

end  CF  REACH  RIVER  MILE  1  06 

SUJREACh  LENGTH  (MILES)  2  11 

CO-P'jTAT  ION  INTERVAL  (HOURS)  4 


eIRST  Cay  OF  SIMULATION  PERIOD 

last  :ay  cf  simulation  period 

VJMSER  OF  DATS  IN  SIMULATION  PERIOD 
OBSERVATIONS  AT  RIVER  MILE 
FIRST  DAY  0-  STUOY  PERI 00 
LAST  CAY  OF  STUDY  PERIOD 
NUMBER  CF  DA>S  IN  STUDY  PERIOD 


It 2  (l  JUN  75) 
304  (31  OCT  75) 

152 

24  29 

1 53  <2  JUN  75) 

3C4  Oi  OCT  75 > 


WATER  Duality  PARAMETERS  AT  RIVER  MILE 

number  CR  simulation  points 


parameter 

Fl0*<M*O/3> 

TEMP ( DEGREE  C> 

Oxy  ;ns/L) 

ALKA ( MG/L  AS  CAC03) 
haRD  < MG/L  AS  C AC 03 ) 
TCS  (M3/L) 


simulation 

VALUES 

— 

MINIMUM 

MAX  I  MUM 

Mr  AN 

STD.  CEV. 

o  3 

240.  2 

4a  9 

39.  3 

3  6 

27.  6 

16  3 

4  3 

7  9 

12.  3 

9  9 

0.  9 

“6.  1 

16  0 

3.  9 

3  0 

27 

130. 

71 

20. 

4  6 

203 

1  12. 

31. 

3  9 

7.  3 

3  e 

3  1 

2  1 

3.  0 

2  G 

0.  6 

ALLEGHENY  RIVER  WATER  Oua-..  ITT  STUDY 
1  9 t j  STUDY  PERIOD 

S’ATIS'ICS  FCR  EXISTING  CONDITIONS  CLARION  RjvER 
LATER  Dual: tv  PARAMETERS  at  RIVER  MILE  24  29 
NUMBER  CF  SIMULATION  POINTS  9 1 2 


PERCENT  CF  SIMULATION  POINTS  EXCEEDING  LC-ER  BOUND  OF  EACH  INTERVAL 


PARAMETER 


TEMP (DECREE  C) 

100. 

00 

<?9 

63 

92 

34 

LCwER  bouno 

3 

64 

7. 

04 

10. 

03 

OXY  (MC/L) 

100 

00 

90 

69 

93. 

72 

LOWER  BOUND 

7 

06 

0 

30 

0. 

74 

AI_KA<HS/L  AS  CAC03 ) 

99 

09 

99 

36 

99. 

36 

LOWER  BOUNO 

-6 

04 

-  D 

04 

“1. 

63 

HAJI0<r3/L  AS  CACQ3 ) 

100 

00 

93, 

72 

94. 

43 

LOWER  BOUND 

26 

67 

36. 

99 

47 

30 

TDS  IMO/L) 

100 

00 

93. 

94 

03 

22 

LCWER  BOUND 

46 

23 

62 

19 

73. 

10 

PH 

100 

00 

99 

23 

90. 

23 

LOWER  SOUND 

3 

92 

4 

2  5 

4 

39 

SCO  <  MG/L 1 

100 

00 

79 

1  7 

30 

22 

LCWER  BOUND 

2. 

C9 

•  ♦♦  •  < 

2. 

»  •  •  •  4 

33 

►  •  •  • 

2 

!•••( 

67 

»•  » « 

INTER  VAC.  S 

5  6 


62  29 
14.  43 
51.  10 

9.  62 
90.  46 

2.  78 
53  40 
67.  94 
49.  67 

109  93 
97.  37 

3.  27 
22  04 

3  25 


53.  19 
16.  62 
41.  01 
10.  06 
61.  62 
4.  90 
33.  99 
70.  23 
31  14 

123.  08 
93  94 
3  61 
14  23 
3  53 


30 

93 

12. 

03 

2. 

96 

1 

21 

10 

02 

21. 

01 

23 

21 

23 

40 

32. 

24 

18 

97 

3 

40 

0. 

08 

10. 

30 

10. 

94 

1 1 

30 

11 

02 

20 

72 

10. 

73 

6 

69 

2. 

B  3 

7. 

19 

9. 

39 

11 

60 

13 

80 

23. 

22 

7. 

13 

2 

41 

0 

66 

es 

37 

98 

00 

109 

20 

119 

31 

20 

61 

3. 

91 

2 

30 

0. 

44 

I4|. 

80 

137. 

73 

173 

63 

109 

30 

92. 

21 

00. 

13 

32 

46 

6 

47 

3. 

94 

6. 

20 

6 

62 

6 

96 

6. 

03 

2. 

52 

0 

99 

0 

33 

3 

64 

4. 

13 

4. 

42 

4 

71 

3 "6  Clarion  River  Hear  Piney 
"No  Corps  Storage , M  1975 


ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1973  STUDY  PER  I  CD 

STATISTICS  PGR  NO  corps  storage  clarion  RIVER 

.  . . .  |M  ur  LA  f  A.  •*•••••••< 

BEGINNING  CP  REACH  RIVER  MILE  S7  63 

End  op  reach  RIVER  mIlE  i  06 

SU3REACH  LENGTH  JMILE5)  2  II 

computation  interval  (hours >  4 

FIRST  DAY  OP  SIMULATION  °ERIOO  132 

LAST  0 A Y  CP  SIMULATION  PERIOD  304 

NUMBER  CP  DAYS  IN  SIMULATION  PERIOD  132 

OBSERVATIONS  AT  RIVER  MILE  24  29 

FIRST  DAY  C r  5TU0Y  PERIOD  133 

LAST  DAY  OP  STUDY  PERIOD  304 

NUMBER  CP  DAYS  IN  STUDY  PER l CD  132 


water  quality  parameters  a 
NUMBER  CP  SIMULATION  POINT 

T  RIVER  M, 

IL£  24 

SIMULATI 

29 

912 

CN  VALUES 

PARAMETER 

MIN! MUM 

MAX  I  MUM 

MEAN 

STD.  :eu. 

FL0U(M#O/S) 

4  9 

263  4 

43  3 

40  8 

TEMP (DEGREE  C  > 

3.  9 

27  0 

16  2 

4.  4 

OXY  (MG/L  > 

9  0 

12.  2 

9.  9 

0.  9 

AI_*AinO/L  AS  CAC03 ) 

-6.  9 

:?o  4 

6  3 

4  3 

HAAOtMO/L  AS  CAC03) 

26. 

l  7  l 

eo. 

29 

TDS  tns/u 

44 

263. 

126. 

44. 

PH 

3.  9 

7  3 

3  7 

4.  9 

BCD  (MC/L) 

2.  1 

9.  7 

2  9 

0.  B 

ALLEGHENY  R  TVER  WATER  QUALITY  STUDY 
1973  STUDY  PERIOD 

STATISTICS  PCR  NO  CORPS  STORAGE  clarion  rives 
water  Quality  PARAMETERS  AT  RIVER  NILE  24  29 
NUMBER  CP  SIMULATION  POINTS  912 

PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  BOUND  CF  EACH  INTERVAL 


PARAMETER 

1 

2 

3 

4 

INTERVALS 

3 

6 

7 

8 

9 

10 

TEMP (DEGREE  C) 

100. 00 

98.  79 

90  68 

71.  49 

63.  03 

33.  40 

39.  36 

14  47 

3  29 

1  21 

LOWER  BOUNO 

3.  86 

7  98 

10.  10 

12.  21 

14  33 

16.  43 

18  56 

20.  68 

22.  79 

24.  91 

OXY  (MC/L) 

100.  00 

90.  90 

93.  72 

79  62 

49  12 

40.  33 

32.  13 

21.  39 

4.  06 

0  99 

LCwE R  BOUND 

7  93 

8.  38 

0  80 

9  22 

9  64 

10.  07 

10.  49 

JO  91 

11  34 

11  76 

ALKA(MC/L  AS  CAC  03) 

99.  09 

98.  79 

93.  30 

73  22 

20  94 

10.  31 

6.  14 

l  34 

0  66 

0.  33 

LOWER  BOUND 

-6  07 

-3.  14 

0  39 

4  31 

9.  04 

11  77 

IS  so 

19  23 

22  96 

26.  69 

HARD ( MQ/L  AS  CAC03) 

100.  00 

93  97 

79.  06 

60  64 

39.  69 

29.  84 

16  09 

6.  36 

1.  64 

0.  22 

LOWER  BOUND 

23.  47 

40.  02 

34  37 

69.  12 

83.  67 

90.  22 

112.  77 

127  32 

141.  07 

136.  42 

TDS  ( MC/L  > 

100.  00 

93  31 

79.  93 

39  34 

36.  31 

20.  94 

16.  «S 

3.  61 

2.  30 

0  22 

LCwER  3CUND 

43.  «6 

63.  73 

87.  94 

110.  13 

132.  32 

134.  31 

176.  70 

198  89 

221.  08 

243  27 

PH 

100.  00 

98  46 

97  91 

97.  04 

96.  03 

93  86 

87.  94 

37.  79 

19  30 

4  71 

LOWER  BOUND 

3  87 

4  23 

4.  39 

4  96 

3.  32 

3  69 

6  03 

6  42 

6  79 

7  14 

BOD  ( MQ/L ) 

10  0  00 

42.  07 

17  90 

3  81 

2.  30 

l  34 

1  21 

0  68 

0  33 

0  33 

LOWER  BOUND 

2  00 

2  74 

3  41 

4  07 

4  73 

3  40 

6  06 

6  73 

7  39 

0  C3 

(  1  JUN  73) 
(31  OCT  73) 


(  2  JUN  73 > 
(31  OCT  73) 


B-7 


Clarion  River  Near  St.  Petersburg 
"Existing  Conditions,"  1975 


ALLEGHENY  «|v£R  WATER  QUALITY  STUDY 
: « 7 3  STUDY  PERIOD 

STATISTICS  FCR  EXISTING  CONDITIONS  CLARION  RIVER 

*••*«••••••••»••*•••••  lN»ur  TATA 

5c.GlNN*NG  ZF  REACH  R’V&R  *!._£  37  65 

END  C=-  REACH  RJv£R  «Jl£  3  0* 

sjss-ach  length  <  m  ;  l  £  3  >  2.11 

computation  interval  (hours'  4 


FIRST  DAY  OF  SIMULATION  PERIOD 

132 

(  1 

GUN 

73) 

LAST  Cay  OF  SI.MULArION  PER  100 

304 

(31 

CC  T 

73) 

N..-SER  CF  Days  IN  SIMULATION  PERIOD 

1  32 

CHEER VAT IONS  AT  RIVER  MILE 

3.  17 

FIRST  cay  CF  STUDY  PERIOD 

133 

(  2 

UUN 

73) 

LAST  DAY  CF  STUDY  PERIOD 

304 

(31 

CCT 

73) 

NUM3ER  OF  DAY 3  IN  STUDY  PERIOD 

152 

WATER  QUALITY  PARAMETERS  AT  RIVER  HI 

:le  3 

1  7 

Nv “ j ER  OF  SIMULATION  POINTS 

912 

SIMULATION  VALUES 


p arameter 

MINIMUM 

MAX ! MUM 

MEAN 

STD  DEV 

FLOW  1 M  *«3/S ) 

1  1  2 

32*  2 

62  0 

34  3 

TEMP  <  DECREE  C) 

3  5 

27  a 

16  0 

4  8 

0  X  Y  (MG/L) 

a  0 

12  3 

9  a 

0.  9 

ALPA1.M3/L  AS  CAC03) 

-3  0 

11  a 

3  a 

2.  2 

ha.-<0'.mS/L  as  CAC03) 

42 

166 

103 

26. 

TDS  <  M G / l  > 

62. 

232. 

M7 

37. 

PH 

4  •  0 

7  3 

r  9 

3  I 

SOD  (MG/L) 

2.  0 

4  2 

2.  6 

0  4 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1975  3 T u 0 Y  PERIOD 

STATISTICS  FOR  EXISTING  CONDITIONS  CLARION  RIVER 

^ater  quality  parameters  at  river  mile  3  :7 

NV5ER  Cc  SIMULATION  POINTS  9*2 

percent  cf  simulation  points  exceeding  lower  ac-ND  Or  each  interval 


PAR AM E TER 

1 

-1 

3 

4 

INTERVALS 

3 

6 

7 

Q 

9 

10 

TEMP' DEGREE  0 

100 

CO 

98.  79 

93  73 

73.  03 

63.  03 

33.  92 

43.  97 

22.  70 

5  39 

l  64 

LOWER  BOUND 

3 

47 

7  71 

9  94 

12.  17 

14  41 

16  64 

IB.  07 

ii.  n 

23  34 

23  57 

OXY  (MC/L) 

100 

CO 

97  26 

04.  76 

38.  66 

43.  72 

30.  49 

30.  92 

10  96 

1  97 

0.  89 

LOWER  SOUND 

9. 

03 

8  46 

0  89 

9.  33 

9  76 

10  19 

10.  62 

11. 03 

1  1  4Q 

1191 

ALKA(MG/L  4S  CAC03) 

99 

e« 

99  43 

97  81 

92.  76 

66.  67 

22  04 

8.  22 

2.  08 

0  44 

0.  00 

LCwER  BQUNO 

-3 

CD 

-3.  00 

-1.  30 

1. 00 

3.  00 

3  01 

7  01 

9  01 

It  01 

13  01 

KARDiMO/L  AS  CAC03) 

ICO 

OC 

93  37 

93.  64 

84  21 

73  37 

J5.  59 

36.  73 

<1  60 

5  01 

1.  21 

LCWER  SOUND 

34 

96 

48.  03 

61.  13 

74.  21 

87  29 

100.  3? 

113. 43 

156  53 

139  61 

132.  69 

70S  (715/Ll 

100 

CO 

97  26 

89  47 

BO.  37 

69.  42 

30  33 

34.  76 

22  04 

a  44 

2.  30 

LOWER  SOUND 

62. 

24 

79.  20 

96.  16 

113  12 

130.  08 

147  03 

163. 99 

1  BO.  93 

197  91 

214  97 

PH 

100 

00 

99  01 

97  91 

96.  71 

96  16 

94  e3 

92.  43 

80.  92 

36.  31 

6.  23 

LCWER  POUND 

4 

00 

4  32 

4  63 

4.  97 

3.  30 

3  63 

3  93 

6  29 

6  60 

6  93 

BCO  lr5/L) 

ICO 

00 

64.  38 

39  r. 2 

21. 03 

10.  31 

2  96 

0.  66 

0  33 

0  00 

0.  00 

LOWER  BOUND 

2 

03 

2  34 

2  64 

2.  94 

3  23 

3  53 

3.  as 

4  12 

4  41 

4  71 

Near  St.  Petersburg 


B-8  Clarion  River 

"No  Corps  Storage,"  1975 


ALLEGHENY  HIVES  WAXES  quality  study 
1975  STUDY  PERIOO 

STATISTICS  EOS  NO  CORPS  STORAGE  CLARION  RIVER 

. .  INPUT  DATA 

BEGINNING  C-  REACH  RIVER  nluE  37  65 

END  OF  REACH  RIVER  HILE  1.0S 

S^CHEaCh  LENGTH  IHILESI  2-  *  I 

CC-PUTATICN  INTERVAL  (HOURS)  1 


FIRST  DAY  OF  SIMULATION  PER  100 
LAST  DAY  OF  SIMULATION  PERIOO 
NUMBER  OF  DAYS  IN  SIMULATION  PERIOD 
OBSERVATIONS  AT  RIVER  HILE 
FIRST  CAY  OF  STUDY  PERIOD 
LAST  DAY  OF  STUDY  PERIOD 

number  of  days  in  study  period 


122 

(  1 

UUN 

75  ) 

304 

(31 

OCT 

73  > 

122 

3.  17 

123 

(  2 

JUN 

73) 

334 

(31 

OCT 

73) 

153 


WATER  QUALITY  PARAMETERS  AT  RIVER  MILE 
NUMBER  OF  SIMULATION  POINTS 


p  AS  AT&T  ER 

FLCpJ  (  «»*3/  2  ' 

minimum 

6.  9 

SIMULATION 
MAX  I MUM 

347  2 

VALUES 
MEAN 
20.  6 

STD  DEV. 
26.  2 

TEMP (DECREE  Cl 

3  b 

27.  7 

16  S 

4  8 

CXY  (M.C/D 

3  1 

12  3 

9  9 

0.  9 

ALAA(HC/L  as  CACQOl 

-6.  0 

21  l 

3.  9 

3  3 

MAR  D ( MG/L  as  C AC  DO  > 

39 

209. 

116 

OB. 

::s  (M3/L) 

60. 

296. 

165 

54 

PH 

3.  9 

7  5 

5.  5 

4.  9 

3CD  (MO/ L> 

2.  0 

6  7 

2  6 

0.  6 

ALLEGHENY  RIVER  UATER  QUALITY  STUDY 
1975  STUDY  PERIOD 

STATISTICS  for  NO  CORPS  STORAGE  CLARION  RIVER 
WATER  QUALITY  PARAMETERS  AT  RIVER  MILE  0  17 

NU-3ER  OF  SIMULATION  POINTS  912 


PERCENT  C F  SI 

:mulaticn 

POINTS 

EXCEED  IN'S 

lCWER 

BOUND  CF 

EACH 

INTERVAL 

i 

KTERVAuS 

PARAMETER 

1 

2 

3 

4 

3 

6 

7 

8 

9 

10 

TEMP ( DEGREE  C) 

100.  CO 

98.  79 

92  l  1 

72  39 

63  02 

26  14 

43 

23 

22  26 

3  92 

1  64 

LC~£R  30LND 

3.  60 

7.  82 

10  03 

12  24 

14  43 

16  66 

18 

97 

21  ca 

23  30 

23  31 

c iy  cmc/l ; 

too. 00 

97.  48 

83.  99 

37.  13 

43  33 

37  72 

30. 

26 

1 1  93 

l.  24 

0  63 

COWER  SOU NO 

8.  11 

9  23 

8.  93 

9  37 

9  78 

10.  20 

10 

62 

11.  04 

tl  46 

11  87 

AL.AA  (  MC/L  as  CAC03)  99.09 

98.  37 

93.  86 

72.  70 

29  61 

10  42 

3. 

64 

t.  73 

0.  66 

0  44 

LOWER  BOUND 

-3.  94 

-3  24 

-0.  23 

2  18 

4  89 

7  60 

10 

31 

13.  02 

13  72 

18  43 

HARDrrS/L  AS  CAC03)  100.00 

97.  70 

89.  27 

73,  66 

36.  14 

37  20 

29 

93 

17  34 

8  77 

1  73 

LCwER  BOUND 

34.  96 

22.  40 

69.  83 

97  27 

104.  70 

122  14 

139 

27 

137.  01 

174  44 

191  87 

TDS  CMO/L) 

100.  00 

96.  27 

84  10 

72.  26 

30  33 

36.  73 

29 

20 

17  32 

7  79 

1  66 

LOWER  BOUNO 

39.  64 

83.  3i 

106.  97 

130.  64 

134  DO 

177.  97 

201. 

63 

223  DO 

248  96 

272.  63 

PH 

too.  00 

98.  14 

93  6  1 

93  33 

91  78 

80  27 

81 

28 

28  33 

20.  83 

2.  96 

LOWER  bound 

3.  93 

4  28 

4  64 

2  OO 

9.  33 

3  71 

6. 

07 

6.  43 

6.  70 

7  14 

BOO  (  M’i/L  ) 

100  00 

44  83 

17  1  1 

3.  92 

2.  32 

l.  34 

1 

21 

0  88 

0.  23 

0  33 

Ll^wER  bound 

2.  03 

2  20 

2.  97 

3  44 

3  9! 

4.  38 

4 

83 

3  32 

3.  79 

6  27 

V. 
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Kiskircinetas  River  Near  Vender  grift 
"Existing  Conditions,"  1975 


ALLEGANY  RIVES  WATER  QUALITY  <  7 2  y 
ST^DY  °ER  ICD 

STATISTICS  FCR  EXISTIN';  CONDITIONS  a  ISA  I  MINE  T  AS  RIVER 

•»•••«*•*•»•»»•#»•«••#  INPUT  Data  #••••••*«••••»«••••»•• 

beginning  of  reach  river  mus  33  oi 

tSD  CF  REACH  RIVER  MILE  C  49 

SU3REACM  LENGTH  <MILES>  2  11 

cch=uta; ids  interval  c hours)  4 


132 

<  1 

wL-N 

.3) 

LAST  CAY  CF  SIMULATION  PER  ICO 

304 

<31 

OCT 

73) 

NU-9ER  CF  DAYS  IN  SIMULATION  PERIOD 
03SER VAT  IONS  AT  RIVER  MILE 

FIRST  CAY  OF  STUDY  PERIOD 

152 
10  33 
133 

<  2 

JUN 

73) 

LAST  cay  CF  STUDY  PER  ICO 

304 

<31 

Oct 

73) 

NUM3ER  C-  C av  S  IN  STUDY  PERIOD 

1  32 

•  •••< 

i 

water  kA.ITv  Parameters  AT  RILER  Mlw£  10  33 
NVM3En  SIMULATION  POINTS  91 2 


-  ERROR 

NO  OF 

MINI MUM 

MAXIMUM 

SIMULA TIC* 

VALLE'S 

(SIMULATED- 

OSS  > 

OBSERVED 

OBSERVED 

OBSERVED 

P4RA-ETER 

MINIMUM 

.“AX  jMUri 

mean 

STD.  DEV 

.“Ean  STD 

DEV 

VALUES 

value 

VALUE 

FLOW*  *1  •  •  3  /  S  > 

17  1 

2-3  8 

73  I 

31.8 

lEl-CE^Li  C) 

a.  2 

29  0 

19  3 

4  8 

-2  l 

1.  4 

129 

13  9 

30.  1 

C  *  Y  <MC/L) 

7  7 

11  1 

8  9 

0  9 

1  8 

0.  9 

108 

3  6 

8  9 

alka<m;/l  as  CACD3) 

-29  3 

1  2 

-13  l 

7  0 

AS  CAC331 

v  ^ 

2/3 

«■  0 1 

76 

TCS  <«L/D 

49 

722 

36  4 

154 

-27 

73 

100 

145  7 

618  e 

PH 

3  2 

5  6 

3  s 

3  9 

0  0 

0  3 

139 

2  3 

5  3 

BCD  !M5/Li 

1  9 

2  0 

1  9 

0  1 

AwLEv-ENV  RI’.CR  WATER  QUALITY  STUDY 
1973  S-.DY  PE3  ICO 

STATISTICS  F'R  EXISTING  CONDITIONS  K  ISA  If*  IVETAS  R  I  V  E  R 
WATER  GL'A^ITY  °aPa-STERS  AT  RILE*  MILE  10  23 

NL-SER  CF  a  I  T.'uL A T I CM  POINTS  P’2 


PERCENT  CF  Sir.Js.ATICN  POINTS  EXCEEDING  LOWER  BOUND  C r  EACH  INTERVAL 


P  ARA.-E  T  ER 


1  2  3 


INTERVALS 

4  3  6 


7 


8 


9  10 


7£hP:  DEGREE  C) 
lCwER  BOUND 
Oxy  (r;/L) 

uC~ER  sound 
Auwal-c/l  AS  CACC3) 
LOWER  BOUND 
maRDiMG/L  AS  CAC03  > 
wC-EP  3CJN0 
’C5  < T*C / L  > 

L  0  w  £  p  bound 

PH 

LOwE3  3CUN0 
BOD  ir.C/L) 

LCwER  90USD 


100 

00 

90 

37 

8 

22 

10 

31 

100 

CO 

99 

GO 

7 

67 

9 

99 

78 

v3 

E3 

-29 

24 

-76 

19 

1  00. 

00 

67 

61 

93 

01 

121 

D4 

ICO 

00 

e6 

73 

M9 

03 

c  C  6 

46 

100 

00 

74 

12 

3. 

23 

3 

46 

ICO 

00 

93 

SO 

1 

76 

1 

"a 

95 

18 

77 

08 

12 

39 

14 

48 

57 

24 

47 

48 

9 

36 

0 

70 

90 

13 

85 

42 

-23 

13 

-20 

10 

71 

82 

50. 

33 

149 

09 

177 

12 

69 

52 

40 

79 

263 

86 

321 

27 

33 

20 

18 

09 

3 

70 

3 

93 

86 

31 

68 

31 

l 

81 

1 

S3 

64 

SO 

38 

35 

16 

36 

18 

6  5 

41 

12 

33 

09 

9 

03 

9 

39 

73. 

68 

54 

02 

-17 

03 

-14 

00 

37 

S3 

33 

13 

203 

13 

233 

19 

3a. 

93 

20 

84 

373 

69 

436 

09 

9 

87 

6 

36 

4. 

17 

4. 

41 

61 

29 

31 

73 

1. 

66 

1. 

69 

50. 

1  1 

35 

86 

20 

74 

22 

02 

25 

09 

1  1 

95 

9 

74 

10 

09 

37 

72 

24 

34 

-10 

96 

-7 

91 

20 

61 

17 

43 

261 

23 

209 

26 

19 

97 

17 

21 

493 

49 

350 

90 

2. 

96 

1 

86 

4 

64 

4 

69 

44 

96 

33 

99 

1 

90 

1 

93 

10 

53 

2 

08 

24 

91 

26 

99 

2 

41 

1 

43 

10 

42 

10 

77 

14 

36 

6. 

25 

-4 

86 

“1 

62 

14 

30 

4 

62 

317 

30 

343. 

34 

13 

27 

4. 

39 

609 

31 

663 

71 

1 

10 

0. 

44 

3 

1  1 

3 

33 

3. 

73 

0 

00 

1 

93 

1. 

90 

5~10  Kiskiminetas  River  Near  Vandergrift 
"No  Corps  Storage,"  1975 


all£>::ny  RJVER  WATER  Ovality  study 
1975  STuDY  PERIOD 

STATISTICS  r  OR  NO  CORPS  STORAGE  K ISK  lr.  INE7AS  RIVER 
»•••»««•«•«••*««•••»♦«  INPUT  DATA  ♦ 

EEC  INNING  Gc  REACH  RIVER  MILE  Do  C*. 

END  CP  REACH  RIVER  MILE  0.  *9 

SUOREACH  LENGTH  (MILES)  2. 11 

computation  Interval  < hours)  a 

FIRST  day  CF  SIMULATION  PERIOD  152  (1  UUN  73) 

LAST  CAY  OF  SIMULATION  PERIOD  304  (31  CCT  75) 

NUM?£R  OF  DAYS  IN  SIMULATION  PERIOD  122 

03SERVaT;:n3  at  RIVER  MILE  10.33 

FIRST  Day  Cr  STUDY  PERIOD  123  C  2  uUN  73) 

LAST  DAY  C f  STUDY  PERIOD  304  (31  OCT  73) 

NUr.DER  CF  CA>S  IN  STUDY  PERICD  12i 


WATER  QUALITY  PARAMETERS  AT  RIVER  MILE  ID  33 
NUMQER  CF  SIMULATION  POINTS  912 


SIMULATION  VALUES 


parameter 

MINI  M'JM 

MAXIMUM 

MEAN 

STD  cev 

FL0W(M*»3/S ) 

9  2 

417.  4 

73  6 

64  2 

TEr.P  (DEGREE  C> 

Q  9 

30  3 

19  l 

5  1 

OXY  tno/L> 

7  6 

10  9 

9  0 

0  9 

ALA A ( MG /L  AS  CAC03) 

-49  3 

2.  9 

-22.  0 

12  1 

HARCiMC/L  AS  C AC  03 ) 

69 

425 

221 

69 

TDS  (H2/L) 

167 

724 

36  6 

143 

PH 

3  0 

3  e 

3  4 

D  6 

003  (MQ/L) 

1  7 

2  3 

1  9 

0  1 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1973  ST'.DY  PERIOD 

STATISTICS  rcfl  NO  CGRPS  S  TCP  ACE  K I £A  I M I *.£T  AS  RIVER 
WATER  OLALITV  PARAMETERS  AT  river  MILS  10  33 
NU-3SR  CF  SIMULATION  POINTS  912 

PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  SOUND  OF  EACH  INTERVAL 


INTERVALS 

PARAMETER  123436789  10 


TEMP (DEGREE  C) 

ICO 

00 

96 

38 

S  1 

25 

67 

32 

60 

42 

30  66 

42 

00 

20 

29 

4 

71 

L 

21 

LOWER  30UND 

a 

93 

1  1 

07 

13 

22 

13 

36 

17 

31 

19  63 

21 

79 

23 

94 

26 

08 

29 

23 

CXY  (HC/D 

J  00. 

00 

94 

74 

73 

69 

54 

93 

47 

81 

38  82 

35 

42 

23 

33 

16 

02 

3 

37 

LOWER  SOUND 

7 

33 

7 

09 

a 

21 

8 

34 

8 

68 

9  21 

9 

54 

9 

67 

10 

20 

10 

33 

ALKA(MC/L  as  CAC03) 

99 

89 

96 

30 

69 

80 

78 

93 

71 

03 

38  11 

40 

37 

23 

14 

12 

94 

4 

93 

LOWER  SOUND 

-49 

47 

-44 

23 

-39 

03 

-33 

80 

-28 

38 

-23.  36 

-18 

1  4 

-12 

91 

-7 

69 

-2 

47 

HARD(MG/L  AS  C AC 03 ) 

100. 

CO 

90 

13 

70 

6  1 

32 

63 

39 

80 

32.  13 

23 

00 

13 

13 

9 

63 

4 

61 
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3-11  Allegheny  River  hear  Warren 
"Existing  Conditions,"  1975 
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B-12  Allegheny  River  Near  Warren 
"Pattern  A,"  1975 
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3-13  Allegheny  River  Near  Warren 
"No  Corps  Storage,"  1975 
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3-14  Allegheny  River  Near  Franklin 


’'Existing  Conditions,  M  1975  ! 
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B - 1 6  Allegheny  River  Near  Franklin 
"No  Corpn  Storage,"  1975 
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Allegheny  River  Near  Freeport 
"Existing  Conditions,"  1975 
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5-1 o  Allegheny  River  Near  rreeport 
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5-19  Allegheny  River  Near  Freeport 
"h’o  Corps  Storage,"  1975 
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S-20  Allegheny  River  Near  Natrona 
"Existing  Conditions,"  1975 


ALLEGHENY  RIVER  UATER  QUALITY  STUDY 
1975  STUDY  °E»:C0 

STATISTICS  FCR  rxjsTIKw  CONDITIONS  L0w£9  ALLEGHENY 
•••••••«••«««»*•*•••••  I  SP'jT  DATA 

CE DINNING  QF  REACH  RIVER  1 1 LE  S3  60 
E.sD  Cm  PEACH  RJVER  TILE  6  72 
SU2 RE ACH  LENGTH  (MILES)  l-  01 
COMPUTATION  interval  IHCVRS)  4 

FIRST  DAY  CF  3 ! “VL AT  I CN  PERIOD  132 
LAST  Day  OF  SIMULATION  PERIOD  304 
NUMBER  CF  DAYS  IN  SIMULATION  PERIOD  132 
OBSERVATIONS  AT  RIVER  MILE  2*  63 
FIRST  Day  OF  STUDY  PERIOD  133 
LAST  "AY  0F  STUDY  PERIOD  3C4 
NUMBER  OF  DAYS  Is  study  PERIOD  132 


LATER  QUALITY  PARAMETERS  AT  RIVER  MILE  24  63 
NUMBER  of  SIMULATION  POINTS  ^  12 

MAX  I— UM 
OBSERVED 
VALUE 

27  0 
9  0 
33  0 
1  *3  C  0 
217  0 
7  6 


ALLEGHENY  RILER  WATER  DUALITY  STUDY 
1973  STUDY  PERIOD 

STATISTICS  FOR  EXISTING  CONDITIONS  lower  ALLEGHENY 

—  A  T  £3  DUALITY  PARAMETERS  AT  RIvER  MILE  24  cj 
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3-21  Allegheny  Oliver  Near  Natrona 
"Paccern  A,"  1975 
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Allegheny  River  Near  Natrona 
"No  Corps  Storage,"  1975 


*L-£;h£NY  PI^ER  WATER  3U'AL;Tv  STUDY 

•.97*  STUDY  ocqjco 

statistics  ►  C°  no  C  C  R  p  S  STCRA~c  lCWER  aulE Cw^ny 
.  . . .  I*.auT  OaTa  .•<«<»•«*«««•«#«« 

•E-J:n**:.nC  2?  peach  RIVER  mile  83  so 

END  c-  REACH  RIVER  MILE  6  72 

SUOREaCH  LENCTM  (MILES)  l.  01 

COMPUTATION  INTERVAL  (HOURS)  4 


-  I c  S 7  CAY  Cr  SIMULATION  DERJOD 
>ST  C a y  Cc  SIMULATION  PERIOD 
Vj-K?  CP  CAVS  IN  SIMULATION  PERIOD 
C3SSRVAT IONS  AT  RIVER  MILE 
PJAST  OAV  CP  STUDY  PERIOD 
LAST  :av  Or  STUD/  PERIOD 
nu-DER  Cc  Da  >  S  IN  STUDY  PERIOD 

-ater  duality  p ar ame^crs  AT  RIVER  MILE 
cp  simulation  points 
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<  1 

JUN 

73) 

304 

<31 

CC  T 

73) 

1  52 

'O 

•f 

fy 

1  53 

(  2 

JUN 

73) 

3C  4 

1  3? 

(31 
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24 

»«#«! 

63 

»•••< 

>  •  •  • 

SIMULATION  VALUES 


P AC AMiTER 

MINIMUM 

MAXIMUM 

MEAN 

STD  DEV 

rLCw i m • • 2 ' S ) 

76  1 

2293  3 

433  6 

3SD  4 

*:*■’  (  DECREE  C  ) 

a  i 

27  0 

18  3 

3  2 

C  X Y  (MO/L> 

7  l 

11  4 

9  9 

l  3 

A/.KA(MO/c  AS  CA  CC3) 

13  0 

49  1 

23  3 

6  4 

KARC(MC.'L  AS  C  AC03  ) 

S3 

169 

107 

28 

TCS  <  MC /L  > 

7J 

273 

167 

49 

P  H 

&  4 

7  5 

6  a 

7  2 

£  CD  (M-3/LI 

0  3 

1  9 

1  3 

0  3 

ALLEGHENY  R  IVOR  'WATER  DUALITY  STUDY 
IR75  STUDY  PERIOD 

STATISTICS  PCR  no  CORPS  STCRA^e  LOWER  ALLEGHENY 
-a~er  ovality  parameters  at  river  mile  74  63 
*.Ur2£P  Cr  SIMULATION  POINTS  912 


PERCENT  Cr  SIMULATION  °OIr,TS  EXCEED  [tiQ  LOWER  SOUND  Cr  £a;h  INTERVAL 


PARAMETER  l 

TEMP  <  DECREE  C  >  100  00 

LOWER  BOUND  0  12 

OXY  fMC/L )  100.  00 

LCUER  ao^NO  7  00 

ALK4(M3/L  as  CAC03)  100.00 

LOWER  SOUND  12.  93 

kaRD(HC/L  as  CAC03)  100.  00 

LOWER  SOUND  33  13 

TOS  (MC/L  >  100  00 

LOWER  BOUND  61.94 

pH  100  00 

LOWER  BOUND  6  39 

BCD  <mC/l>  100  00 

LOWER  3C.no  0  4  7 


92.  99 
1  l.  *0 
63  60 
7.  93 
39  07 
20  19 
37  29 
76.  29 

91  36 
104  63 

92  00 
6  60 

77  83 

0  7Q 


70  29 
13  79  ‘ 
53  62 
9  38 
39  36 
23  90 
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07  86 
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6  71 
60  42 

0  93 


63  93 
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eo 

4 

C  6 

9 

23 

9 

63 

10 

1  1 

10 

33 

10 

«s 

1  1 

62 

3 

92 

2 

63 

1 

64 

0 
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13. 

27 

1 

32 

1  69 
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*2 
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1 
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l 
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t 

34 

1 

70 
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S3 

'3  French  Creek  Belov  Meadviile 
"L'xis ring  Conditions,"  1977 
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;  gj 

(  1  -t'<_ 
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“No  Corps  Storage,"  1977 
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3-25  Clarion  River  Near  Ridgeway 
"Existing  Conditions,"  197/ 
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”No  Corps  Storage,*'  1977 
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B-28  Clarion  River  Near  Piney 
"No  Corps  Storage,"  1977 
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3-2?  Clarion  River  Near  St.  Petersburg 
"Existing  Conditions,"  1977 
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3-31  Kiskiminecas  River  Near  Vandergrift 
"Existing  Conditions,"  1977 
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3  18 

3  43 

3.  69 

3  94 

4.  20 

4  46 

4.  71 

4  97 

3  22 

9  40 

SUD  **G .  L  ) 

100.  00 

90  90 

97  23 

90.  40 

73.  09 

39  34 

41.  21 

23  81 

13.  19 

4  21 

L2-SR  BOUND 

1.  73 

1.  77 

l.  79 

l.  81 

1.  83 

l.  83 

1.  86 

1  88 

1.  90 

1  92 

1 

3-32  Kiskiminetas  River  Near  Vandergrift 
"No  Corps  Storage ,M  1977 


ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
I  V 7?  STUDY  PER  100 

STATISTICS  PCR  NO  CORPS  STORAGE  KISKIMINETAS  RIVER 
*••«•««••«•««•«•••••••  INPUT  DATA 

BEG INN I NO  CP  REACH  RIVER  NILE  33.01 
END  OF  REACH  RIVER  NILE  0.  49 
SUBREACH  LENGTH  (MILES)  2. 11 
COMPUTATION  INTERVAL  (HOURS)  4 

FIRST  DAY  CF  SIMULATION  PERIOD  102 
LAST  OAY  OF  SIMULATION  PERIOD  273 
NUMBER  OF  DAYS  IN  SIMULATION  PERIOD  91 
OBSERVATIONS  AT  RIVER  MILE  10.33 
FIRST  DAY  OF  STUDY  PERIOD  103 
LAST  day  CF  STUOY  PERIOD  273 
NUMBER  QF  DAYS  IN  STUDY  PERIOD  91 


WATER  QUALITY  PARAMETERS  AT  RIVER  MILS  10  33 
NUMBER  OF  SIMULATION  POINTS  346 


SIMULATION  VALUES 


PARAMETER 

MINIMUM 

MAXIMUM 

MEAN 

STD. DEV. 

FL0W(M»*3/'S  ) 

11  3 

2247. 0 

91.  1 

227  4 

TEMP (DECREE  C> 

14  3 

23  8 

21  7 

2.  9 

0XY  (MG/LI 

7  6 

9.  9 

9.  6 

0  3 

ALKA(MC/L  AS  CAC03) 

-39  9 

4  6 

-27  0 

11  0 

HARD(MC/L  AS  CAC03) 

•6. 

478. 

271. 

97 

TDS  (MG/L) 

41. 

812 

*70. 

162. 

PH 

3  1 

3  1 

3  3 

3  7 

800  CMC/L) 

i  a 

2  0 

1  9 

3  0 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PERIOD 

STATISTICS  FCR  NO  CORPS  S  URaC£  KISKIMINETAS  RIVER 


WATER  QUALITY  PARAMETERS  AT 
NUMBER  OF  SIMULATION  POINTS 

RIVER  MILE 

10.  33 

346 

PERCENT 

CF  SIMULATION 

POINTS 

exceeding  lower  bound  cf 

EACH 

INTERVAL 

PARAMETER 

1  2 

3 

INTERVALS 

4  3  6 

7 

e 

9 

10 

TEMP (DECREE  C) 

100. 

00 

97  80 

91. 

76 

90. 

40 

71. 

43 

61 

17 

36 

63 

14 

10 

3 

49 

1 

47 

LOWER  BOUND 

14 

27 

13.  72 

17. 

17 

(8 

63 

20. 

09 

21 

33 

22 

99 

24 

44 

23 

es 

27 

33 

OXY  (MO/L) 

100. 

00 

93.  97 

07. 

33 

73 

44 

43. 

96 

31 

68 

23 

ez 

17 

77 

7 

80 

2 

01 

LOWER  BOUND 

7. 

38 

7.  91 

9 

03 

0 

29 

8 

31 

8 

74 

0 

97 

9 

20 

9 

44 

9 

67 

ALKA ( MO/L  AS  CAC03) 

99 

63 

79.  83 

40. 

90 

33 

70 

26 

37 

18. 

86 

13 

00 

9 

34 

6 

96 

3 

30 

LOWER  BOUND 

-39. 

86 

-33.  41 

-30. 

96 

-26 

31 

-22 

03 

-17 

60 

-13 

13 

-0 

70 

-4 

23 

0 

20 

HAROlMC/L  AS  CAC03) 

100 

00 

98  90 

96 

32 

04 

29 

71. 

29 

60 

44 

37. 

18 

22. 

33 

13 

93 

3 

13 

LOWER  BOUND 

23. 

47 

70.  80 

116 

14 

161 

47 

206. 

80 

232 

13 

297. 

46 

342. 

79 

388 

12 

433 

43 

TD3  (nC/l_> 

100. 

00 

99.  90 

97 

07 

89 

01 

72 

33 

61 

90 

38 

64 

23 

26 

16 

30 

3 

31 

LOWER  BOUND 

40. 

76 

119.  00 

193. 

23 

272. 

49 

349 

74 

426 

99 

304 

23 

301 

40 

638 

72 

733 

*7 

PH 

too 

00 

31  69 

16. 

67 

10 

62 

7 

69 

6 

39 

4. 

93 

4. 

58 

3 

83 

2 

36 

LOWER  BOUNO 

3 

10 

3  30 

3. 

30 

3. 

71 

3 

9 1 

4. 

12 

4 

32 

4 

52 

4 

73 

4 

Q3 

BOO  <« C/L) 

100. 

00 

97.  80 

93 

04 

78. 

73 

39. 

34 

41 

76 

21. 

29 

3 

13 

2 

93 

1 

47 

LOWER  BOUND 

1. 

78 

1.  80 

*• 

82 

1 

04 

1 

86 

1 

88 

1 

69 

1 

9| 

1 

93 

1 

*3 

(  1  UUL  77) 
(30  SEP  77) 


(  2  JUL  77) 
(30  SEP  77 ) 


B—  3 3  Allegheny  River  Near  Varren 


"Existing  Conditions,"  1977 


R  l,ER  WATER  QUALITY  STUDY 
’977  STuDy  PERIOD 

statistics  Q«  EUSTIN3  CONDITIONS  NEAR  laRREN 


196  za 

•  «  •  •  « 

HIM 

END  Zr  reach  RIVER  Hu£ 

103  61 

S  2  «  E  a  C  h  v  EnCTh  (MILES) 

1  61 

COMPUTATION  INTERVAL  (HOURS) 

4 

FIRST  CAY  >“  SIMULATION  PERIOD 

162 

(  1 

UUL 

77) 

L  a  j  T  cat  3?  5I.-vlaTIC.-4  PERIOD 

273 

(30 

SEP 

77) 

n  u “ j  £  R  Zr  Days  in  SIMULATION  PER  ICO 

91 

cdssrva r:c\s  at  river  mile 

ie3  4i 

FIRST  DAV  Cr  STUDY  PERIOD 

183 

(  2 

JUL 

77) 

LAST  Day  OF  STUDY  PERIOD 

273 

<30 

SEP 

77  > 

NUN2ER  Cr  DmYS  IN  STUDY  PERIOD 

91 

water  Dual  IT 

y  PAR*r£T 

ERS  AT  RIVER  Ml 

l£  193 

•  «« 

41 

NU-3ER  cr  s: 

M-LATICN 

POINTS 

346 

SIMULATION 

VALUES 

parameter 

MINIMUM 

MAX I-UH 

MEAN 

STD.  DEV 

r.Cn  r  •  *  3  / 

S  1 

37  2 

317  3 

214  4 

127  4 

TE“P <  DEC RE 

E  Cl 

17  4 

23  1 

20  2 

i.  4 

0  »  y  i  r  C  ,  l  > 

7  9 

10  0 

9  0 

0  4 

A'_  »  A  *  ~Q/L 

aS  C  ACC-3  ' 

23  2 

34  6 

33  7 

3.  4 

-ASOcri  t 

aS  C AC 03 ) 

43 

90 

69 

13 

t:s  i.“.;/l) 

63 

111. 

97 

11 

Pm 

6  6 

'  3 

6  9 

7.  3 

CCD  <ro/L) 

I  9 

2  0 

2  0 

0  0 

river  water  quality  study 
:*??  ST  .Dy  per  ico 

h t ; s ' s  e y i s t : no  conditions  near  uairen 

^ATER  j  -  a,_  i  T  y  PARAMETERS  at  RIVER  fl !  L  £  183  41 

nj-'CER  5  I at  ! On  points  346 


PERCENT  CF  SIMULATION  POINTS  EtCEEDlNC  LCmER  BC'JNO  OF  EACH  INTERVAL 


P-PA.-CTIR 

! 

2 

3 

4 

intervals 

3 

6 

7 

8 

9 

10 

•t-Jlitl-fcE  o 

ICO.  CO 

93  79 

83  70 

61  72 

37.  73 

19  41 

8  42 

3  49 

1 

47 

0 

92 

wC~£4  JC.nD 

17  33 

19  13 

18  91 

19  68 

20  46 

21.  24 

22  02 

22  79 

23 

37 

24 

33 

L  *  Y  1  ■*’  C  /  L  ) 

100  00 

99  27 

93  60 

68  46 

74  91 

58  79 

*7  73 

16  12 

0 

62 

2 

30 

lC-’ER  SCunD 

7.  74 

7  97 

0  20 

8.  43 

8.  66 

8.  69 

9  11 

9  34 

9 

37 

9 

80 

.K.iF'./L  ~S  CACC3I 

100  00 

09  63 

46.  70 

12.  09 

6.  04 

1  28 

0  37 

0  00 

0 

00 

0 

00 

lDmER  3ClnO 

23  14 

29  33 

33  52 

39.  72 

43  91 

49  11 

54  30 

59  49 

64 

69 

69 

09 

HiflCinG. L  AS  C AC 03 ) 

100  00 

90  29 

66.  00 

71  90 

34  93 

39  01 

27  47 

12  02 

4 

03 

0 

92 

LCwEP.  SOUND 

44  36 

30  18 

33  80 

61.  43 

67.  03 

72.  60 

70  30 

83  93 

89 

33 

93 

10 

TDS  ‘MQ/L) 

100.  00 

9i  39 

87  55 

71.  43 

43.  39 

29  67 

1 1  90 

2.  73 

0 

00 

0 

00 

wCw£R  DOUNO 

63  04 

69  26 

73  47 

01  69 

97.  91 

94.  13 

100.  33 

106  37 

112 

79 

119 

01 

PH 

100  00 

97  60 

91  21 

79  49 

S9.  79 

32  70 

21  43 

11  72 

4 

03 

0 

55 

LwL£R  30unD 

6  63 

6  70 

6  77 

6  84 

6.  90 

6  97 

7  04 

7  It 

7 

17 

7 

24 

jCD  i ni/L ) 

100  00 

100.  00 

100  00 

100  00 

100  00 

100  00 

100  00 

100  00 

07 

91 

44 

87 

lC-£R  3CVN0 

i  a  o 

1  62 

i  e3 

1  83 

1  07 

1  09 

l  91 

1  93 

1 

•  ••♦< 

93 

!••• 

1 

96 

Pi-'l  1 


3-34 


Allegheny  River  Near  Warren 
’’Pattern  A,”  1977 


ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PERIOD 


STATISTICS  FOR  PATTERN  A  NEAR  WARREN 


>•**« 

>  •  •  • 

BEGINNING  CP  REACH  RIVER  MILE 

196  29 

END  OP  REACH  RIVER  MILE 

125.  61 

SUGREACH  LENGTH  (MILES) 

1  81 

COMPUTATION  INTERVAL  (HOURS) 

4 

FIRST  DAY  OF  SIMULATION  PERIGD 

192 

(  1 

JUL 

77) 

last  DAY  OP  SIMULATION  PERIGD 

273 

(30 

SEP 

77) 

NUMBER  OF  DAYS  IN  SIMULATION  PERIOD 

91 

observations  at  river  MILE 

165  41 

FIRST  DAY  OF  STUDY  PERIOD 

183 

(  2 

J'JL 

77) 

LAST  DAY  OF  STUDY  PERIOD 

273 

(30 

SEP 

77) 

N UaiiZX  OF  OAVS  IN  STUD*  PER  ICO 

91 

WATER  Quality  PARAMETERS  AT  RIVER  Ml 

LE  185 

41 

number  op  SIMULATION  POINTS 

546 

simulation  values 


PARAMETER 

MINI run 

MAXIMUM 

ME/.N 

STD  DEV 

FLOW <  m* • 3 / 5 ) 

20  2 

517  3 

128  4 

139  6 

TEMP (DEGREE  C) 

16  6 

28  3 

21  3 

2  l 

u  X  Y  ( MG / L  ) 

7  9 

10  0 

8  6 

0.  4 

Al  KA(MG/L  AS  CAC03  1 

23  2 

59  7 

46  6 

to.  3 

HARD ( nC/L  AS  CAC03) 

45 

100. 

75 

14 

TDS  (MG/L) 

63 

122 

R0 

16 

PH 

6  7 

7  4 

7  1 

7  5 

BOD  (MG/L) 

1  9 

2  0 

2  0 

0  0 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUOY  PERIOD 

STATISTICS  for  pattern  A  NEAR  WARREN 
water  quality  parameters  at  river  mile  185  *u 

NUMBER  OP  SIMULATION  POINTS  546 


PERCENT  CP  SIMULATION  POINTS  EXCEEDING  LOWER  OOUND  OP  EACH  INTERVAL 


parameter 

t 

2 

3 

4 

INTERVALS 

5 

6 

7 

e 

9 

10 

TEMP (DEGREE  C) 

100  00 

93  05 

00  46 

70  31 

44  51 

25  64 

12  *5 

7  14 

2  93 

0 

73 

LOWER  BOUND 

16  61 

17  78 

18  95 

SO  12 

21  29 

22.  46 

23  62 

24  79 

25  94 

27 

13 

OXY  (MG/L) 

100  00 

99  27 

96  15 

89  38 

65  75 

37  55 

19  70 

7  14 

2  93 

1 

65 

LOWER  BOUND 

7.  74 

7  97 

8  20 

0  43 

8.  66 

0  69 

9  1! 

9  34 

9  57 

9 

80 

ALKA(MG/L  AS  CAC03) 

100  00 

92  12 

85  71 

72.  16 

67  22 

56  96 

29  49 

0  37 

0  00 

0 

CO 

LOWER  BOUND 

23  14 

29  33 

33.  52 

30  72 

43  91 

49  1  1 

54  30 

59  49 

64  69 

69 

68 

HARD ( MG/L  AS  CAC03) 

100.  00 

90  29 

87  00 

Q3.  16 

74.  34 

62.  09 

43  22 

30  40 

16  68 

5 

31 

LOWER  BOUND 

44  56 

50  18 

35  90 

61.  43 

67  03 

72.  68 

78.  30 

83  93 

09  35 

95 

19 

TOS  (MG/L> 

1 00  00 

91  39 

87.  55 

86.  09 

73.  02 

69  50 

52.  20 

3*  43 

21  79 

3 

66 

LOWER  BOUND 

63  04 

69  26 

75  47 

81  69 

07  91 

94  i3 

100  35 

106  57 

1  12  79 

1  19 

01 

PH 

100. 00 

96  52 

88  10 

32.  <2 

76.  37 

64  04 

54  95 

26  37 

9  16 

3 

05 

LOWER  OO'JNO 

6  71 

6  79 

6  85 

6.  92 

6.  99 

7  06 

7  12 

7.  19 

7  26 

7 

33 

BCD  (MG/L) 

100  00 

100.  00 

100  00 

100  00 

100  00 

too.  00 

100  00 

97  62 

77  04 

43 

59 

LOWER  BOUND 

l  00 

1  82 

1  03 

1  85 

1  97 

l  09 

1  91 

l  93 

1  95 

1 

»  •  ••  • 

96 
•  •• 

B— 35  Allegheny  River  Near  Warren 
"No  Corps  Storage,"  1977 


AALESftNr  RIVER  WATER  DUALITY  STUDY 
197?  STUDY  PERIOD 

STATISTICS  FOR  KQ  CORPS  5TCRACE  NEAR  WARREN 

*«'*♦«•*♦*♦♦-****♦•*♦*  INPUT  DATA 

:i:;:v,iso  of  reach  river  mile 

E.*»:  C ?  REACH  RIVER  MILE 

SU3S£a:h  length  (MILES) 

COMPUTATION  INTERVAL  (HOURS) 


! 96.  29 
125.  61 
1  81 
4 


FIRST  CAY  OF  SIMULATION  PERIOD 

182 

(  1 

UJL 

77  > 

LAST  DA/  OF  SIMULATION  PERIOD 

273 

(30 

SEP 

77) 

NU-»j£R  OF  DAYS  IN  SIMULATION  period 
OBSERVATIONS  at  river  mile 

FIRST  DAY  CF  STUDY  PERIOD 

91 

195  41 
183 

(  2 

VUL 

77) 

LAST  DAY  CF  STUDY  PERIOD 

273 

(30 

SEP 

77) 

NU.HSER  of  OAYS  In  STUDY  PERIOD 


91 


wat er  duality  parameters  at  river  mile  103.  4t 

N--2ER  CF  SIMULATION  POINTS  546 


FL0L:M#O/5> 

TE.-»  f  T SCREE  C) 

Dxy  (r;/L) 

ALKA(HC/L  A3  CAC03) 
«AP.D(MC/L  as  CAC03) 
tcs  <mc/l> 

P‘H 

3 CD  <HC/L» 


(IMUH 

SIMULATION 

MAXIMUM 

VALUES 

MEAN 

STD.  DEV. 

42.  2 

961  4 

260  1 

221  9 

16  3 

17  4 

21  6 

2.  1 

8  0 

9  5 

0.  6 

0.  3 

14.  9 

42.  2 

29  0 

6.  3 

34 

ICO. 

70. 

15. 

56. 

105 

»«« 

29. 

6.  9 

7  4 

7  2 

7.  8 

1.  9 

2  0 

2.  0 

0  0 

ALLEGHENY  RIVER  WATER  3’JALITY  STUDY 
t  9 77  STUDY  PERIOD 

STATISTICS  FOR  NO  CCRPS  STORAGE  NEAR  WARREN 
ua'cR  G'JALITY  PARAMETERS  AT  RIVER  r.lLS  185.41 
Nw.-2ER  CF  SIMULATION  POINTS  346 


PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  80UND  OF  EACH  INTERVAL 


PA^A.rETtR 

TE.m®  (DEGREE  C) 

LOwER  OCUND 
OX Y  (MC/L) 

LOWER  BOUND 
ALKAlMO/L  AS  CAC03) 
LOWER  BOUND 
HARD ( MO/l»  AS  CAC03) 
LOWER  BOUND 
TCS  mS/L) 

LOWER  BCUNO 
PH 

LOWER  BOUND 
£C3  (HC/L) 

lower  BCUnD 


1 

2 

3 

4 

INTERVALS 

5 

6 

7 

8 

9 

10 

100.  00 

94.  32 

90.  04 

85.  35 

73  99 

39  10 

21.  79 

10.  26 

4.  21 

1.  47 

16.  24 

17.  37 

18.  49 

19.  61 

20.  73 

21.  83 

22.  97 

24.  09 

25  21 

26.  34 

100. 00 

93.  77 

62.  97 

42.  31 

22.  34 

12.  43 

9.  52 

4.  93 

0.  00 

0.  00 

7.  96 

8.  17 

a.  37 

0.  58 

a.  78 

8.  99 

9.  19 

9  40 

9  60 

9.  81 

100.  00 

97.  80 

83.  10 

78.  21 

67.  77 

36.  96 

37.  73 

23  63 

13.  37 

2.  75 

14.  05 

17.  53 

20.  32 

23.  06 

25.  79 

28.  53 

31. 27 

34.  00 

36.  74 

39.  48 

100.  00 

99.  45 

93.  59 

79.  89 

70.  30 

40.  81 

42.  67 

27.  47 

13.  20 

7.  14 

34.  37 

-0.  94 

47.  51 

54.  04 

60.  66 

67.  23 

73.  81 

00.  38 

86.  93 

93.  53 

100.  00 

81.  87 

66.  85 

41,  94 

23.  27 

13.  00 

2.  38 

l.  23 

0.  92 

0.  55 

55.  64 

72.  61 

89.  38 

106.  S3 

123.  S3 

140.  48 

137.  43 

174.  42 

191.  39 

208.  36 

100.  OO 

94  87 

93.  04 

92.  31 

84.  45 

74.  5* 

57.  51 

IS.  02 

6.  96 

2.  38 

6.  n 

6.  97 

7.  01 

7  06 

7.  10 

7.  15 

7.  20 

7.  24 

7.  29 

7.  33 

100.  00 

100  oc 

ioo  oo 

99  63 

96.  89 

87.  73 

87.  73 

71. 98 

54.  40 

2*.  75 

I.  89 

1.  90 

1.  90 

1.  91 

t.  92 

1.  93 

l.  94 

l.  93 

1  96 

I.  96 

b-  ri 


I 


B-36  Allegheny  River  Near  Franklin 


"Existing  Conditions,"  1977 


ALuECnENY  RIVER  WATER  QUALITY  STUDY 
2977  STUDY  PER  TOO 

statistics  FOR  EXtSTiNG  CONDITIONS  near  franklin 


•  *  *  «  4 

■aEciN.-iiNC  of  re ach  rtver  i-iile 

124  19 

END  C r  REACH  RIVER  MILE 

94.  80 

SJQREACH  LENGTH  (MILES) 

1  01 

CC.-.PVTAT1CN  INTERVAL  (HGURS) 

4 

FIR5T  DAY  OF  SIMULATION  PERIOD 

132 

(  1 

JUL 

77) 

LAST  day  of  SIMULATION  PERIOD 

273 

1  30 

SEP 

77) 

NUMBER  of  days  in  simulation  PERIOD 

91 

OBSERVATIONS  A T  RIVER  MILE 

120.  26 

FIRST  DAY  OF  STUDY  PERIOD 

163 

(  2 

JUL 

77) 

LAST  DAY  OF  STUDY  PERIOD 

273 

(30 

SEP 

77) 

NUMBER  Cp  CAYS  IN  STUDY  PER  ICO 

91 

water  quality  parameters  at  river  mile  120 

.  16 

NUMBER  OF  SIMULATION  POINTS 

546 

-  SIMULATION  values  - 


parameter 

MINIMUM 

MAXIMUM 

MEAN 

STD  DEV 

FLCw(n*«2/S> 

73  0 

1069  1 

391  2 

250.  1 

TErP< DECREE  C> 

16.  0 

25.  S 

21.  0 

2  2 

OXY  <MC/L> 

0  1 

9  4 

8  7 

0  3 

ALK A ( MG / L  AS  CACC3) 

25.  9 

33.  3 

39.  1 

6.  4 

HARD(MG/L  AS  CaC 03 ) 

46. 

60. 

70 

I  I. 

TDS  <nO/L) 

69. 

111. 

92 

10. 

PH 

7  0 

9.  0 

7  3 

7.  6 

BCD  (MC/L) 

1.  6 

l.  8 

1.  7 

0.  1 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
V 977  STUDY  PERIOD 

STATISTICS  FOR  EXISTING  CONDITIONS  NEAR  FRANKLIN 
WATER  QUALITY  PARAMETERS  aT  R fVER  NILE  1-0  16 
NUMBER  CF  SIMULATION  POINTS  5*6 


PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  DGUND  OF  EACH  INTERVAL 


INTERVALS 


.RAMETER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TEMPI DEGmCE  C) 

100.  00 

97  07 

93.  41 

82/05 

68.  86 

63  19 

47  eo 

24  91 

3  86 

1 

20 

LOWER  BOUND 

13  34 

16.  37 

17  60 

19  63 

19  63 

20  68 

21.  71 

22  73 

23  76 

24 

79 

OX  Y  iMC/l  t 

100  00 

96.  32 

90.  29 

66.  46 

41.  94 

30.  39 

17  03 

6.  78 

0  00 

0 

00 

LOWER  BOUND 

8  12 

8  28 

8.  43 

0  39 

9.  74 

8.  90 

9  03 

9  21 

9  36 

9 

31 

«LKA(MG/L  «S  CAC03) 

ICO.  00 

93.  77 

66  63 

63  38 

43  97 

34  98 

22.  09 

8  79 

6.  04 

2 

30 

LOWER  BOUND 

25.  03 

20.  78 

31.  73 

34.  68 

37  63 

40.  37 

43  32 

46.  47 

49  42 

52 

37 

HARD(MG/L  AS  CaCG3> 

t  00.  00 

93.  03 

99.  74 

83.  IS 

73.  27 

39.  16 

48  90 

39  01 

19  23 

11 

36 

LOWER  BOUND 

46  25 

30.  47 

34  68 

38.  69 

63.  1 1 

67.  32 

71.  33 

73  73 

79  96 

84 

17 

TDS  i MC/L ) 

100.  00 

94.  14 

90.  29 

83  33 

71.  79 

36.  23 

43  77 

30.  39 

13.  38 

4 

76 

LOWER  BOUND 

69.  83 

73.  03 

77.  27 

81.  49 

83.  70 

89.  92 

94.  14 

98  34 

102.  37 

106 

79 

PH 

100  OO 

93.  42 

77  4  7 

43.  33 

31.  63 

33  33 

23  09 

18.  30 

8  97 

3 

11 

LOWER  BOUND 

6  97 

7.  07 

7  17 

7  27 

7.  37 

7.  40 

7  38 

7.  68 

7  78 

7 

89 

BCD  (MG/L) 

ICO  00 

91.  76 

7  \ .  79 

31.  83 

40.  11 

23  81 

17  22 

0  37 

0  00 

0 

00 

LOWER  BOUND 

1  60 

1  63 

l  47 

l.  70 

1.  73 

1.  77 

1  80 

1  63 

l  87 

1 

90 

3-37  Allegheny  River  Near  Franklin 
"Pattern  A,"  1977 


a^lEwmENy  RIVER  WATER  QUALITY  study 
!«--»  STUDY  PERIOD 

STATISTICS  rCR  PATTERN  A  NEAR  FRANKLIN 

input  cata 

cf  reach  river  mile  i c 4  19 

i-,:  cp  reach  river  .ule  sr  sc 

*. :=i‘«>  length  * miles)  i  o i 

-  C  -  u  t  a  t  i  cn  Interval  ihCuRS)  a 


f:r«:  cay  cf  simulation  period 

)  62 

(  l 

UUL 

77) 

LAi*  Cay  OP  SIMULATION  PERIOD 

Nv-CER  OP  Days  IN  SIMULATION  PERIOD 
CCSER.AT JONS  Al  RIVER  MIl£ 

073 

91 

1 20.  16 

(30 

SEP 

77) 

FIRST  Cay  CF  STUDY  period 

183 

(  2 

JUL 

77 > 

LAST  Day  CF  STcDY  PERIOD 

273 

(30 

SEP 

77) 

NVMSER  CP  Cays  IN  STUDY  PERIOD 

91 

»««•! 

>  +  ••1 

water  Duality  PARAMETERS  AT  RIVER  MILE  110.16 
NjnZE.R  CF  SIMULATION  POINTS  546 


SIMULATION  VALUES 


P  AR  A *l£  ?£R 

MINI  ML 1 

MAXIMUM 

MEAN 

STD.  QEV 

F'.CW(r«*3/Sl 

49  3 

1  Cfc9  0 

295  1 

264  0 

T£m3  i  CEO'  EE  C  > 

16  0 

27  6 

21  5 

2.  6 

GxY  <MC/L> 

7  9 

9  4 

8  7 

0  4 

ALKA(MC/L  AS  C AC  03  > 

25  R 

72  9 

44  8 

8  8 

HARD ( MO /L  AS  CAC03; 

46 

1 1  1. 

74 

14 

IDS  (MO'L) 

69 

143 

99 

17 

PH 

7  0 

9  0 

7  3 

7  7 

.'CD  i  M  Q  L  ) 

i  6 

i  a 

1  7 

0  1 

SI'.ER  WATER  DUALITY  STUDY 
:R7?  STUDY  PER  ICO 

statistics  for  pattern  a  near  fpa».*l:n 
•» a :-p  quality  para-eters  at  RIVER  mIlE  120  16 
N.-£tR  Cr  SIMULATION  POINTS  546 


PERCENT  OF  SI-JLATICN  POINTS  EXCEEDING  lO-ER  BOUND  OF  EACH  INTERVAL 

INTERVALS 


■  R  AM  £  “£  R 

! 

2 

3 

4 

3 

6 

7 

8 

9 

10 

TE~*>  '  Zi  O-FE  ;; 

ICO  00 

<56  70 

89  19 

"*  6  37 

66  48 

33  13 

33  33 

13  30 

7  69 

2  73 

LC-EP  J£j„nD 

13  54 

16  73 

1  7  «6 

19  17 

20  38 

21  59 

22  79 

24  00 

23  21 

26  42 

Ox  r  ' MO  a  > 

100  CO 

93  39 

83  70 

73  C8 

48  90 

33.  33 

23.  64 

12  43 

2.  56 

0  00 

'.CkM  DOvnO 

7.  90 

8  C3 

8  26 

0  43 

8  61 

*  8.  79 

8.  96 

9  14 

9  32 

9  49 

alkA(MO/l  as  CACC3) 

100  00 

93  04 

96.  01 

67  77 

31  47 

33.  33 

13.  73 

2.  01 

1.  47 

0  92 

LOWER  BOUND 

23  81 

30.  34 

Q3.  24 

39.  93 

44  63 

49.  36 

34.  06 

38.  7  7 

63.  47 

68  18 

haPD(MC/l  aS  C A C 0 3 ) 

100  00 

9  C  S6 

84.  07 

74  18 

33  86 

37.  36 

24  73 

11.  17 

3  13 

3  11 

lO«ER  30UN0 

46.  23 

32  69 

39.  13 

69.  36 

73.  00 

79.  43 

84  87 

O 

n 

a 

97.  74 

104  17 

TCS  * mc/l ) 

100  00 

91.  39 

83.  33 

66.  83 

49.  49 

29.  67 

24.  73 

tO.  62 

4.  38 

2  94 

LCwER  bound 

68  63 

76.  22 

83.  61 

91.  00 

90  40 

103.  79 

113.  18 

120.  37 

127. 94 

133.  33 

P  H 

100.  00 

93  43 

93.  31 

86  81 

73.  64 

69.  23 

34  93 

41.  21 

23.  09 

4.  94 

lL-EP  bound 

6  97 

7  07 

7.  17 

7  27 

7.  37 

7  49 

7  39 

7  68 

7  70 

7  88 

COD  «m5/l) 

100  00 

93  97 

81.  66 

38.  79 

47  07 

27.  11 

18.  68 

10.  81 

0.  00 

0  00 

lCA-ER  BClnD 

l  36 

1  60 

1  63 

1.  67 

1  71 

1.  73 

t.  78 

1.  82 

1.  86 

t.  89 

b  -  ' ; 


3-3S  Allegheny  River  Near  Franklin 


"No  Corps  Storage,"  1977 


all£->eny  river  water  quality  stuoy 

1977  STUDY  PERIOD 


STATISTICS  -Oft  NO  CORPS  STORAGE  NEAR  FRANKLIN 


3 EC I NN l NT  z*  REACH  river  KILE 

END  OF  REACH  RIVER  KILE 

SUjREaCH  LENGTH  (MILES) 

COMPUTATION  INTERVAL  (HOURS) 

124.  19 
84  SO 

1.  01 

4 

•  »  •  «  4 

1444 

FIRST  Day  OF  SIMULATION  PERIOD 

182 

(  I 

JUL 

77) 

LAST  DAY  CF  SIMULATION  PERICO 

NUrtSEW  CF  CAVS  IN  SIMULATION  PL1R1CD 
OOOERVATIO’iS  AT  RIVER  MILE 

273 

91 

120.  16 

(30 

SEP 

77) 

FIRST  DAY  Or  STUDY  PERIOD 

183 

(  2 

JUL 

77) 

LAST  DAY  OF  STuOY  PERIOD 

273 

(30 

SEP 

77) 

NO.IScR  CF  CAYS  IN  SIo3Y  PES103 

91 

»«44 

WATER  QvAi_  1  T Y  PARAMETERS  AT  RIVER  MILE  120  IS 
NU**S£«  JF  i  I r.Uw  AT  I OH  POINTS  5*6 


SirULATICN  VALUES  — 


Par a Mu ! cR 

MINIMUM 

KA  X I MUM 

MEAN 

STO.  DEV 

FL0w(.i.«3'5i 

73  3 

1357  6 

431  6 

364  2 

TFmP ( GEvR EE  C) 

17  4 

26  9 

21  6 

2.  2 

JXY  (KC/LI 

7  9 

9  4 

a  6 

0.  4 

ALKA(MC/L  AS  C AC03  > 

19  5 

.  4?  3 

34  0 

8.  1 

HARD  <  MC/L  AS  C  AC  03 ) 

42 

93 

69 

13 

TDS  (MC/L  > 

60 

160. 

97 

22. 

PH 

7.  1 

7  9 

7  4 

7  3 

DOO  <r!C/L> 

1  5 

4444444  ♦-4  4  4 

1  9 

1  7 

0  1 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PER  100 

STATISTICS  FOR  NO  CORPS  STORAGE  NEAR  FRANXLlN 
water  Quality  parameters  at  RIvER  KILE  120  1  6 
NUH3ER  OF  SIMULATION  POINTS  546 


PERCENT  CF  5  I H  w  l  AT  I  ON  POINTS  EXCEEDING  lCjuER  BCUNC  OF  EACH  INTERVAL 


PARAMETER 

1 

2 

3 

4 

INTERVALS 

3 

6 

7 

8 

9 

10 

TEMP (DECREE  Cl 

ICO  GO 

100. 00 

90  72 

33  7V 

68.  13 

37  33 

37  18 

20.  88 

10  07 

4  50 

LOWER  BOUND 

IS  54 

14  63 

17.  01 

18.  93 

20.  09 

21. 22 

22.  36 

23.  4V 

24  63 

25  76 

OXY  (MC/L) 

ICO.  00 

39  19 

03  13 

71  23 

50.  73 

24.  91 

12.  64 

7.  51 

1.  10 

0.  00 

LCwEft  30UND 

7  a7 

3  05 

0  24 

9.  42 

8.  60 

9.  79 

9  97 

9  13 

9  33 

9.  52 

ALKAfMC/L  AS  CAC03) 

1  GO.  00 

90.  43 

SO  04 

69.  70 

61.  90 

49  45 

37  73 

26  37 

12  6* 

3  66 

LOWER  QOUNO 

19  31 

22  31 

23  32 

28.  32 

31.  32 

34.  32 

37.  53 

40  53 

43.  33 

46.  34 

HABD<rtC/L  *S  CAC03 ) 

1  GO.  00 

91  «a 

82  97 

73.  ca 

64.  63 

34.  sa 

42  86 

31.  22 

31.  35 

8  24 

LOWER  SOUND 

41.  Mi 

46  84 

32.  03 

57.  21 

62.  39 

67.  50 

73.  76 

77.  94 

63.  13 

sa.  3i 

TDS  (MC/L) 

ICO  CO 

37  73 

74  91 

60.  07 

44.  69 

26.  92 

19.  86 

a  24 

1  47 

0  92 

l.G-ER  SOUND 

59.  44 

69.  48 

79  52 

89.  37 

99.  61 

1G9  65 

119  69 

129. 73 

139  78 

149  62 

PH 

ICO.  00 

100  00 

97  44 

81.  32 

60.  62 

43.  35 

33.  53 

21.  23 

0  97 

3  66 

LOWER  SOUND 

6  99 

7  C9 

7  18 

7.  28 

7  37 

7  47 

7  37 

7  66 

7  76 

7  63 

BUD  <MC/L» 

t  00.  CO 

95  42 

00  4  0 

60.  44 

40  33 

32  97 

23  09 

0  42 

0  00 

0.  00 

LOWER  BOUND 

1  55 

l  39 

1  62 

1  66 

l.  70 

l  74 

1  77 

1  81 

1  83 

i  ea 

B-39  Allegheny  River  Near  Freeport 
"Existing  Conditions,"  1977 


ALLECmEny  RIVER  WATER  OUal I TY  STw'OY 
1977  STUDY  PERIOD 

STATISTICS  PGR  EXISTING  CONDITIONS  LOWER  ALLECHE.NY 

.  . . .  INPUT  CAT  A 

DEG  INNING  C~  PEACH  RIVER  PULE  63  SO 

END  CF  REACH  RIVER  MILE  6.  72 

SVDR-ACH  LENGTH  (MILES)  1.  Ol 

CCmPu  tat  ion  INTERVAL  t hOORS >  4 


RIR5T  Cay  C?  SIMULATION  PERIOD 
L AS T  DAY  OF  SIMULATION  PERIOD 
NU-SER  CF  Days  IN  SIMULATION  PERIOD 
G3SERVATICN3  AT  RIVER  MILE 
FIRST  Day  CF  STUDY  PERIOD 
LAST  Cay  CP  STUDY  PERIOD 
NUMBER  CF  CayS  IN  STUDY  PERIOD 


132  (1  UUl  77 ' 

273  (30  SEP  77) 

91 
90 

183  (2  JVL  77) 

273  (30  SEP  77) 


WATER  GualITY  PARAMETERS  AT  RIVER  MILE 
nv-SER  OF  SIMULATION  POINTS 


SIMULATION  VALUES  - 


-  ERROR  - 

(SlHULATCD-OOS  > 


NO.  OF  MINIMUM 
OBSERVED  OBSERVED 


parameter 

FLC-.h** 3/S) 

T £ “P 1  DEGREE  Z) 
ci y  im.;,d 
ALKA.MI/L  AS  C  ACC  3 ) 
HA9C-.  MG.  L  AS  CAC03/ 
TDS  >PI/j 

PH 

3CD  <MC/L) 


MAXIMUM 

OQSERVED 


;nimum 
UC  2 

maximum 
13*6  2 

MEAN 
568.  9 

STD  DEV 

322  9 

MEAN 

STD  DEV 

VALUES 

VALUE 

VALUE 

13  4 

23  3 

21  1 

2  3 

-1  5 

t  3 

57 

19  7 

26  4 

7  3 

9  3 

CD 

U 

0  3 

-1.  0 

1  3 

36 

7.  0 

12.  2 

16  3 
36. 

40  2 
IM. 

29  4 
84. 

3.  9 

13. 

-9  7 

4  6 

23 

13  0 

30  0 

77 

150. 

110 

15 

3 

23 

53 

04  3 

161  8 

7.  0 
0.  8 

7  7 
l  8 

7  3 

1  3 

O  Nj 

fj  >1 

0.  2 

0  4 

38 

6  1 

9  3 

ALLLiwtSY  RIVER  WATER  OUALltY  STUDY 
1^77  ST-.Cy  PERIOD 

statistics  ^cr  existing  conditions  lcwer  Allegheny 
wa:£h  Gv,w;tv  parameters  AT  RlvCR  mile  31  90 
NvrCL=  0-  SIMULATION  POINTS  «46 


■»ERCEN-  OF  SIMULATION  POINTS  EXCEEDING  LOWER  OOUNO  CF  EACH  INTERVAL 


p ARArS  rER 


TEM®  <  CE IPSE  C>  100  00 

LOWER  BOUND  13.35 

OXY  tnG/L>  100  00 

LOWER  BOUND  7.  43 

ALP  A  ( M.'G/L  AS  :aCC3)  100  00 

LOWER  BOUND  16  30 

HASDiMC/L  AS  CAC03)  100.00 

LOWER  BOUND  35.  74 

TDS  (MC/L)  100  CO 

LOWER  BOUND  77  12 

100  00 

LC-.ER  BOUND  6  97 

BCD  {  M,  G  /  l  ?  100  00 

- R  BOUND  0  70 


INTERVALS 

3 

79  49 
19  33 
42  12 

e  22 

70  31 
23  07 
70  13 
78.  97 
63.  33 
106  23  1 

34  76 
7  23 
63  30 


67.  30 
20.  32 
34  62 
0  41 

31.  03 
20  26 
30  73 
04  70 
30  93 
113  34 
44  32 
7  32 
43  97 
1.  39 


34  21 
21.  32 
23.  46 
8  60 
40.  11 
30  63 
34  43 
90  39 
24  91 
120  82 
33.  16 
7  39 
23  99 
1  51 


36.  08 

22.  31 
18  68 

8  79 
31  14 
33.  04 
23  82 
96  39 
12  27 
126.  10 

23.  08 
7  46 
7  31 
1  64 


16.  85 
23  31 
12.  27 
8  98 
22  34 
33.  43 
3  13 
1C2.  20 
3.  48 
133  30 
3  31 
7  33 
0  33 
1  76 


4  03 
24  30 
4  93 
9  17 
8  79 
37  82 
0  33 
108  01 
0  33 
142  67 
0  73 
7  60 
0  00 


5-40  Allegheny  River  Near  Freeport 
"Pattern  A,"  1977 


ALLEGHENY  RIVER  WATER  quality  STUDY 
1977  STUDY  PERIOD 

STATISTICS  FOR  PATTERN  A  LOWER  allecheny 


3ESINNIN3  CF  REACH  RIVER  MILE 

83.  80 

END  OF  REACH  RIVER  HIDE 

6.  72 

SUaREACH  LENGTH  (MILES) 

1. 01 

computation  interval  (hcurs> 

4 

FIRST  DAY  CF  SIMULATION  PERIOD 

102 

(  i 

JUL 

77) 

LAST  DAY  CF  SIMULATION  PERIOD 

273 

(30 

SEP 

77) 

NUM3ER  CF  DAYS  IN  SIMULATION  PERIOD 

91 

OBSERVATIONS  AT  RIVER  MILE 

31  90 

FIRST  Day  OF  STUDY  PERIOD 

183 

(  2 

UUL 

77) 

LAST  DAY  of  STUDY  PERIOD 

273 

(30 

SEP 

77) 

NUMj£R  CF  DAYS  in  STUDY  PERIOD 

91 

WATC*  QUALITY  PARArETERS  AT  RIVER  MILE 

31 

90 

NUMBER  CF  SIMULATION  POINTS 

3*J6 

SIMULATION  VALLES  — 


PARAMETER 

MINIMUM 

MAX  I  HUM 

MEAN 

STD  CEV. 

FL0W(M«O/S j 

110.  2 

1363  2 

4B2  9 

320  5 

TEHP 1  DECREE  C 1 

15  4 

23  9 

21  2 

2  3 

OXY  ms/D 

7.  4 

9  3 

8.  2 

0  3 

al»A(HC/l  AS  CAC03) 

15.  0 

44  7 

20  7 

7  4 

HARD ( H3/L  AS  CAC03 ) 

56. 

125. 

89 

14 

tds  (hj/l; 

77 

167 

1  18. 

19 

PH 

7.  O 

7  7 

7  3 

7.  b 

BCD  tna/Li 

o.  a 

1. 0 

1.  3 

0.  2 

ALLEGHENY  RIVER  WATER 

quality  study 

1977  STUDY  PERIOD 

STATISTICS  FOR  PATTERN  A  LOWER  ALLEGHENY 
WATER  QUALITY  PARAMETERS  AT  RIVER  MILE  31  90 
NUM3SR  Or  SIMULATION  POINTS  546 

PERCENT  OF  SIMULATION  POINTS  EXCEED  I N5  lOuER  BOUSO  OF  EACH  INTERVAL 


PARAMETER 

1 

2 

3 

4 

INTERVALS 

5 

6 

7 

9 

9 

10 

TEMP (DECREE  C> 

100  00 

97  62 

90  29 

84  23 

78.  57 

63. 

44.  31 

30  40 

9  71 

2  93 

LOWER  OOUND 

15  35 

16.  41 

17  46 

16.  52 

19.  58 

20.  63 

21.  69 

22  74 

23  80 

24  83 

OXY  (MG/L) 

100  00 

93  96 

77  11 

49  82 

42.  96 

26.  74 

22.  71 

17  22 

12  82 

4  95 

LOWER  BOUND 

7  39 

7  58 

7  79 

7  98 

a.  i7 

0  37 

8  37 

9  77 

9  96 

9  16 

ALKA ( MC/L  AS  CAC03 ) 

100  00 

97  07 

91  03 

94  90 

63  37 

49  08 

40  11 

31  32 

15.  02 

8  06 

lower  bound 

14  95 

17  93 

20  91 

23  89 

26.  97 

29.  Q3 

32  63 

33  91 

38.  79 

41  77 

NaRD(HG/L  as  CAC03) 

100  DO 

91.  76 

ee  46 

83.  71 

67.  40 

46.  13 

30.  40 

12  43 

1  29 

0  73 

LOWER  BOUND 

53  74 

62  71 

69  69 

76.  63 

83  62 

90.  30 

97.  33 

104  32 

111.  49 

118.  46 

TDS  (MG/L) 

1 00.  00 

91.  03 

87.  00 

79.  67 

58  79 

41.  21 

26  37 

13  00 

4  21 

0  73 

LOWER  SOUND 

77  12 

96  12 

95  1  1 

104.  1  1 

113  10 

122.  09 

131  09 

140  09 

149  08 

138.  07 

PH 

100.  00 

30.  46 

61  32 

73.  81 

66  as 

30  92 

42.  12 

33  33 

23  64 

3  13 

LOWER  BOUND 

6  97 

7  04 

7  ll 

7  18 

7.  23 

7  32 

7  39 

7  46 

7  33 

7  60 

aoo  (mc/l) 

100  CO 

94  3  J 

S3  70 

74.  36 

38  42 

32  97 

23  08 

7  31 

0  33 

0  00 

LOWER  .BOUND 

0  79 

o 

-0 

o 

1  0  2 

1.  13 

I  27 

1.  39 

l.  31 

l  64 

I  76 

1  88 

B-41  Allegheny  River  Near  Freeport 
MNo  Corps  Storage,'1  1977 


Ai_LEC«ENr  RIVER  WATER  QUALITY  STUDY 
1977  ST^  DY  PERICO 

STATISTICS  FOR  NO  CORPS  STORAGE  LOWER  ALLEGHENY 


BEGINNING  CP  REACH  RIVER  MILE 

33  SD 

END  CP  REACH  RIVER  MILE 

6  72 

SUSP  Each  LENGTH  '-MILES) 

:  oi 

COMPUTATION  INTERVAL  (HOURS > 

4 

PIES’  Day  CP  SIMULATION  PERIOD 

162 

(  l 

JUL 

77) 

last  day  cp  S I MUUAT I cn  period 

273 

(30 

sep 

77) 

ntjhSER  CP  DavS  IN  SIMULATION  PERIOD 

91 

C9SERVATICN3  AT  RIVER  MILE 

31  90 

P I P ST  DAY  CP  5T.DY  PERIOD 

103 

(  2 

JUL 

77) 

LAST  Day  Or  STUDY  PERIOD 

273 

(30 

SEP 

77> 

NL“?!P  CP  Days  In  STUDY  PERIOD 

91 

»«#• 

WA’ER  QUALITY  PARAMETERS  AT 

RIVER  - 

ILE  3 1 

90 

SU— 3  £ R  CP  SIMULATION  POINTS 

3*»6 

PA5A-£-rq 

MINIMUM 

MAX  •  M.UH 

MEAN 

STO  DEV 

PLOW ’ -••3/E  ) 

1 06  7 

10-6  3 

619  5 

438.  9 

T£M» (DEGREE  C> 

16  3 

26  7 

21  4 

Z  2 

CXY  (“G/D 

7  4 

9  0 

a  2 

0  3 

MA(r:/L  as  :acc3) 

14  3 

41.0 

26  3 

3  7 

hard i Hi / L  AS  C AC 03 ) 

49 

1C9 

79 

13 

TCS  (MC/L) 

69 

169 

109 

2* 

PM 

6  9 

7.  7 

7  2 

7  6 

3 CD  <M5/L) 

0  7 

i  a 

1  3 

0  2 

ALLEGHENY  RIVER  WATER  QL'AI.ITV  STUDY 
19-7  ST'.Dt'  PERIOD 

STATISTICS  PCR  NO  CORPS  STCBaCE  .C-ER  ALLEGHENY 
WATER  3JAl:Ty  PARAHC’Eqs  AT  RICER  “ ILE  31.90 
NL-3ER  ZP  SIMULATION  POINTS  346 


PE  PC 

ENT  CP  SI 

rvLATICN 

FOISTS 

EXCEED  IN 

#  LOWER 

SOUND  OP 

EACH  INTERVAL 

INTERVAL 

s 

aR  a- C  t  E  R 

1 

2 

3 

4 

3 

6 

7 

8 

9 

10 

’Em®  <  DEGREE  C ) 

IOC  00 

93  60 

08.  10 

70.  73 

68  13 

33  06 

36  26 

20  70 

7  14 

2  73 

LOWER  SOUND 

16  49 

17.  46 

18.  44 

19  41 

20  39 

21  36 

22.  34 

23  32 

24  29 

23  27 

CXY  trc/ L) 

100.  00 

94  69 

32.  42 

63  OO 

31.  10 

43.  96 

32.  60 

23  82 

20  13 

6  70 

LOWER  sound 

7  36 

7  33 

7.  70 

7  97 

0  04 

9  21 

8.  38 

8  33 

8.  72 

0.  89 

ALKA(MO/L  as  CAC03) 

100.  00 

96  70 

91.  38 

73  27 

40  17 

32.  97 

23  46 

20  33 

6.  59 

I.  47 

LC-ER  SOUND 

14.  25 

16  93 

19.  61 

22.  29 

24  97 

27.  63 

30  33 

33.  01 

33.  69 

33.  37 

HAQD<nG/L  as  C AC  03  > 

100.  00 

91  38 

87  00 

73.  27 

63.  19 

46  34 

36.  43 

26.  01 

11.  90 

2  93 

LOWER  SOUND 

48.  S3 

34  91 

60.  76 

66.  72 

72.  67 

79.  63 

04.  39 

90.  34 

96.  30 

102.  43 

TD3  (MO/L) 

100  00 

69  19 

76.  36 

49  27 

31  14 

18  86 

7.  31 

4  40 

2.  93 

1  63 

LOWER  BOUND 

67.  33 

79  70 

91  06 

104  03 

116  20 

128.  36 

140  33 

132.  69 

164  06 

177  02 

PH 

100  uO 

86  63 

00.  39 

74  19 

49.  27 

33.  90 

20  57 

20.  31 

2.  36 

0  33 

LOWER  D  CUND 

6  93 

7  01 

7  09 

7  17 

7  23 

7.  33 

7  40 

7  40 

7  36 

7  64 

SCO  <ri/ L) 

100  CO 

93  96 

90  1  1 

83  08 

72.  34 

30  37 

27  47 

12  82 

0  73 

0  00 

LOWER  SOUND 

0  69 

0  02 

0  93 

1 . 08 

1  21 

1  33 

1.  40 

1.  61 

1  74 

1  07 

K-  «  1 


3-42  Allegheny  River  Near  Natrona 
“Existing  Conditions,"  1977 


ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PER  ICO 

statistics  FQR  existing  conditions  lower  Allegheny 

»••••••••«••••••••••«#  input  cat  a  ••*««•»•*< 

BEGINNING  OF  REACH  RIVER  MILE  33  80 

END  or  PEACH  RIVER  MILE  6  72 

SUJREaCH  LENGTH  ( MILES  )  1.0! 

COMPUTATION  INTERVAL  (HOURS)  4 

FIRST  0 A Y  CF  SIMULATION  PERIOD  I  82 

LAST  DAY  QF  SIMULATION  PERIOD  273 

NUMBER  OF  Days  ;n  SIMULATION  PERIOD  91 

C3SERVAT ICN5  AT  »IVER  MILE  24  63 

FIRST  day  CF  STUDY  PERIOD  193 

LAST  DAY  CF  STUDY  PER  ICO  273 

NUM3ER  C-  DAYS  IN  STUDY  PERIOD  91 


WATER  QUALITY  PARAMETERS  aT  RIvER  MILE  24.63 
NU-3ER  CF  SSmjlaTICU  POINTS  246 


—  E®RCR  —  —  —  —  — 

NO  CF 

MINI  MUM. 

"AX  I -UM 

SIMULATION 

VALUES 

<S!hULATED-03S  > 

C3SERVED 

observe  d 

OS  SERVED 

PAR  AM.£  T  £  R 

MINIMUM 

TAXI MUM 

ME  AN 

STD  CSV 

m£a.N  STD  CSV 

VALUES 

value 

V  ALUS 

FLCW(  i"»*3/S  > 

126  6 

1S77  1 

634  3 

377  5 

TE’-P  ( DEGREE  C) 

ID  6 

23  & 

21  2 

2  3 

OXY  (MC/L> 

7  5 

9  3 

a  : 

0  3 

AL«A(MG/L  AS  CAC03) 

4  2 

on  2 

23  3 

7  3 

0.  2  7  4 

91 

19  0 

39  0 

HASD(MJ  ‘L  AS  CAC03  > 

59 

1  49 

97 

19 

TDS  (MC/l> 

33 

229 

136 

29 

PH 

DCD  ( MQ/l) 

3  9 

o  a 

7  3 

I.  9 

6  9 

1  3 

6  7 

0  2 

* 

o 

o 

91 

6  0 

7  4 

ALLEGHENY  RIVER  water  quality  STUDY 
1977  STUDY  PERIOD 

STATISTICS  ^OR  EXISTIN'?  CONDITIONS  LOWER  ALLEGHENY 
JA TER  QUALITY  PARAMETERS  AT  RIVER  MILE  24  63 
NUMBER  CF  SIMULATION  POINTS  5*6 

PERCENT  CF  SIMULATION  POINTS  EXCEEDING  LOWER  BOUND  OF  EACH  INTERVAL 


INTERVALS 


PARAMETER 

1 

3 

4 

3 

6 

7 

9 

9 

to 

TEMP (DECREE  C> 

ICO.  00 

96  70 

89  83 

04  07 

77  29 

63  73 

49  43 

2C  12 

12 

62 

3 

E-5 

LOWER  BOUND 

13  61 

16.  62 

17  62 

18.  63 

19  63 

20  64 

21  65 

s«  6  5 

23 

66 

24 

66 

OXY  (MQ/L) 

100.  00 

93.  60 

73.  01 

39  16 

43  39 

32  60 

24.  10 

10  13 

12 

45 

4 

92 

LOWER  BOUND 

7  43 

7.  64 

7.  03 

8  02 

0  20 

0.  39 

9.  20 

0  77 

0 

93 

9 

14 

ALKA(MC/L  AS  CAC031 

100  00 

99  33 

94.  07 

80  10 

34  23 

74  34 

39  16 

39  38 

21 

43 

10 

44 

LCLER  BOUND 

4  23 

7  62 

i  1  02 

14  *2 

17  81 

21  2! 

24  61 

29  01 

31 

40 

34 

90 

HABO(riC/l_  AS  CAC03) 

100  00 

92.  67 

86.  26 

60  32 

31  47 

33  33 

21.  23 

0  61 

4 

93 

2 

73 

LOWER  BOUNO 

39  34 

60.  32 

77  30 

06.  29 

93  26 

104  24 

113  23 

122  21 

131 

19 

140 

17 

TDS  (MC/L) 

100.  00 

92  49 

81.  87 

38.  24 

36  26 

22  34 

12.  09 

6  59 

3 

1  I 

1 

65 

LOWER  BOUNO 

04  62 

99.  93 

113  20 

127  61 

14  1  94 

136  27 

i  70  60 

104  93 

199 

27 

213 

60 

PH 

too  00 

97  07 

93  42 

92.  49 

91.  38 

07  91 

79  49 

69  03 

37 

33 

2 

20 

LOWER  BOUND 

3  90 

6.  07 

6.  23 

6.  39 

6.  36 

6.  72 

6.  ee 

7.  03 

7 

21 

7 

37 

BOD  (MG/L) 

100  00 

93.  77 

03.  16 

79.  49 

63  00 

46  34 

23  27 

9  34 

0 

37 

0 

CO 

LOWER  BOUND 

0  00 

0  92 

1.  04 

1  16 

1  29 

t  40 

t.  22 

1  64 

1 

76 

l 

*  •  •  • 

ea 

»*t 

<  I  UUL  77) 
(30  SEP  77 ) 


(  2  JUL  77) 
(30  SEP  77 > 


I 


9 


B-4  3  Allegheny  River  "ear  Natrona 
"Pattern  A,"  1977 


jj 

ij 

ij 


aL’-EC-'Eny  SIVER  -JATER  CJALITV  STUOY 
1577  S'UOY  RERI03 

STATISTICS  rCR  PATTERN  A  ALLEGHENY 

••«»•««•••««•*•«•«•  input  Data 


BEGINNING  Qp  PEACH  R'VcP  NILE  63  80 
FsD  JF  PEACH  RIVER  NILE  6  72 
SUSSEACH  -SnCTH  CHILES )  1  01 
CZr-PjTATICN  INTERVAL  (HOURS)  4 


e:R5T  Cat  CF  SlfULMSOM  PERICD 

LAST  OAV  OF  SIMULATION  PERIOD 

N v: “ S E R  Cc  DATS  IN  SlHULAT  ICN  PERIOD 

C2SERVATICN3  AT  RIVER  HUE 

FIRST  CAT  C"  study  period 

LAST  DAV  OF  STUDY  PERIOD 

N-jrCER  OF  CAYS  IN  STUDY  °£RJOD 


ie* 

(  1 

JUL 

77) 

273 

91 

4  S3 

(30 

SEP 

77  ) 

1  03 

(  2 

JUL 

77) 

273 

91 

(3D 

SEP 

77  ) 

HATER  OUALITv  PARAMETERS  AT  RIVER  TILE  2*  <*>3 
VU“siR  C?  SIMULATION  PQIN’S  54  6 


OftPi-fTcB 

HIM  HUH 

SIMULATION 
MAX iruM 

VALUES 

r>  an 

STD  DEV. 

FLC’J  •'  •  J  s  ) 

1 2b  3 

1*56  3  8 

3  60  1 

363  4 

T f ( DEGREE  C) 

:  5  6 

26  3 

21  3 

2.  3 

CXY  >mG/L> 

7  4 

9  3 

0  2 

0  3 

al*  A(  AS  CACD3I 

J  C 

412 

23  8 

9  1 

n.-.s^r  r:.‘L  AS  CAC03) 

3? 

161. 

103 

21 

*:S  'HC/D 

63 

20 

1  47 

33 

DU 

3-  7 

7.  3 

6  S 

6  6 

3CD  t HQ/L ) 

0  3 

l.  8 

1  .  3 

0.  2 

ALLEGHENY  RIVER  LATER  QUALITY  STUDY 
•*9?7  STUDY  PERIOD 

S’  at  1ST.’  CS  FOR  PATTERN  A  LOWER  ALLEGHENY 
-ATER  GU'AL  I  T v  p  AR  awE  Tra  s  aT  RIVER  M  I LE  24.4,0 

N J-~r.P  Cr  Siru'LATICN  POINTS  3«fe 

PERCENT  Cr  SI-ULATION  POINTS  EXCEEDING  LOWER  30UND  OF  EACH  INTERVAL 


1 

2 

3 

4 

INTERVALS 

3 

6 

7 

0 

9 

10 

TE-»  <CEO=F.E  C) 

100  CO 

96  32 

07  73 

S2.  97 

76  74 

63  74 

4  1  39 

21  23 

7  60 

3 

48 

L 3 w-_R  SOUND 

13.61 

16.  69 

17.  76 

18  03 

19  91 

20  90 

22.  03 

23  13 

24  20 

23 

27 

CXY  (MG/L) 

100.  00 

94  32 

77.  2V 

59  32 

43  42 

27.  47 

20.  80 

16.  48 

12  32 

4 

93 

LOWER  SOUND 

7  37 

7  37 

7.  76 

7.  96 

e  i6 

8  33 

8  33 

0  74 

0.  94 

9 

(3 

ALKA.'HG/L  AS  CAC03) 

ICO  00 

97.  62 

92.  67 

85  16 

01.  32 

63  93 

31  63 

4  1  03 

21  23 

8 

97 

LOWER  20JND 

3  C3 

6.  23 

10.  67 

14  49 

10  32 

22.  14 

23  96 

29  70 

33  61 

37 

43 

HARCtMS/L  AS  CAC03) 

100  00 

*5  ;  9  4 

93  90 

79  67 

37.  69 

36.  43 

13.  73 

9.  71 

4  95 

2 

36 

LCWE 3  BOUND 

39.  3< 

69  33 

79.  72 

e9.  92 

100  11 

1 10  30 

120. 49 

130  68 

140  88 

131 

07 

TC3  (NG'L) 

100  00 

°1  76 

82  42 

69.  41 

42  06 

22.  34 

13  37 

9  71 

3  86 

2 

01 

LOWER  SOUND 

8  4.  62 

100.  66 

1  16.-70 

132.  74 

148  79 

164.  03 

180.  07 

196- 92 

212  96 

229 

00 

PH 

1 00  00 

97  07 

93.  42 

92.  86 

9 1 .  39 

88  46 

84.  98 

70  13 

49  72 

13 

02 

LOWER  BOUND 

3  73 

3  91 

6.  09 

6  29 

6  46 

6  64 

6  82 

7-  00 

7  IB 

7 

36 

BCD  (M5/D 

100  00 

92.  31 

84.  62 

73  27 

37  14 

37  36 

24  10 

9.  89 

0  37 

0 

00 

LOWER  SOUND 

0  SO 

0  92 

t.  04 

1.  16 

1  28 

1  40 

1  32 

l.  64 

1  76 

1 

68 

•  •  • 

t 


B-44  Allegheny  River  at  Natrona 
MNo  Corps  Storage,”  1977 


ALLECHiNY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PERIOD 

STATISTICS  FOR  NO  CORPS  STORAGE  LOWER  ALLEGHENY 
INPUT  DATA  *•••**♦«••••*••♦ 
BEG  I NN I NO  CP  REACH  RIVER  MILE  93  BO 

END  OP  REACH  RIVER  NILE  6.  72 

SU9 REACH  LENGTH  (MILES  )  1.01 

COMPUTATION  INTERVAL  (HOURS)  * 


FIRST  DAY  CF  SIMULATION  PERIOD 

192 

<  1 

77) 

LAST  DAY  Cr  SIMULATION  PERIOD 

273 

(30 

SEP 

77) 

NUM3ER  CF  days  IN  SIMULATION  PERIOD 

91 

OBSERVATIONS  AT  RIVER  MILE 

24  63 

FIRST  DAY  CF  STUDY  PERIOD 

183 

(  2 

UUL 

77) 

LAST  DAY  CF  STUDY  PERIOD 

273 

(30 

SEP 

77) 

NUMBER  OF  DAYS  IN  STUDY  PERIOD 

91 

WATER  QUALITY  PARAMETERS  AT  RIVER  Mi 

:LE  24 

63 

NUMBER  OF  SIMULATION  POINTS 

346 

-  SIMULATION  VALUES  - 


parameter 

MINIMUM 

MAXIMUM 

MEAN 

STD.  DEV. 

FLCU(M*«3/S ) 

121  0 

3390  3 

704  2 

333.  1 

TEMP ( DEGREE  C) 

16.  3 

26.  7 

21.  4 

2.  1 

OXY  (MG/L ) 

7.  4 

9  0 

9.  2 

0.  4 

ALKA(MG/L  as  CAC03) 

-4  6 

39.  2 

21.  9 

6.  1 

HARD(MG/L  AS  CAC03) 

44. 

137. 

93. 

23. 

TDS  (MC/L) 

67 

243 

136 

33. 

PH 

4  0 

7.  3 

6.  4 

5  4 

BCD  (MG/L) 

0  7 

1  9 

1.  3 

0.  2 

ALLEGHENY  RIVER  WATER  QUALITY  STUDY 
1977  STUDY  PERICO 

STATISTICS  FCR  NO  CORPS  STORAGE  LOWER  ALLEGHENY 
WATER  QUALITY  PARAMETERS  AT  RIVER  MILE  24.63 
NUMBER  CF  SIMULATION  I0INT3  346 


PERCENT  OF  SIMULATION  POINTS  EXCEEDING  LOWER  BOUND  OF  EACH  INTERVAL 


PARAMETER 

1 

2 

3 

4 

INTERVALS 

5 

6 

7 

0 

9 

10 

TEMPf DEGREE  C> 

100. 00 

93.  03 

86.  26 

77.  84 

67.  93 

32.  38 

34  07 

10  62 

3  40 

0 

73 

LOWER  BOUND 

16.  31 

17.  33 

19.  33 

19.  37 

20.  38 

21.  60 

22.  62 

23  63 

24  63 

23 

67 

OXY  (MC/L) 

100.  00 

93.  97 

33.  80 

67.  93 

31.  83 

40  40 

30.  22 

2«  54 

17  50 

6 

04 

LOWER  SOUND 

7  40 

7.  57 

7.  73 

7.  90 

0.  07 

0  23 

0  40 

0.  36 

0  73 

9 

09 

A1_KA(M0/L  AS  CAC03) 

99  02 

99.  63 

99.  43 

99,  00 

90.  B4 

80.  93 

30.  92 

25.  27 

6  96 

t 

63 

LOWER  SOUND 

-4.  61 

-0.  22 

4.  16 

8.  34 

12.  93 

17.  31 

21.  70 

26.  oa 

30  46 

34 

83 

HARD(MO/L  AS  CAC03) 

100. 00 

94.  14 

87.  36 

71  61 

34  40 

33.  90 

17  03 

10  81 

4  21 

0 

92 

LOWER  BOUND 

44  36 

33.  67 

66.  98 

70  29 

89.  60 

100.  91 

112.  22 

123  53 

134  84 

146 

13 

TDS  (MC/L) 

100  00 

91.  38 

83.  13 

62.  27 

40  17 

30.  22 

12.  27 

7  14 

3  40 

t 

63 

LOWER  SOUND 

67  23 

94  Q2 

1C2.  41 

120  01 

137.  60 

133.  19 

172.  78 

190  37 

207  96 

223 

33 

PH 

too. 00 

99  63 

99  63 

99  63 

99  63 

98  33 

96  13 

93  60 

70  39 

8 

C6 

LOWER  SOUND 

4  03 

4  38 

4.  73 

3  09 

3  44 

3  79 

6  14 

6  30 

6  83 

7 

20 

BCD  (MC/L) 

100  00 

°3  4  1 

87  73 

84  43 

71.  06 

49  72 

28  39 

10  26 

1  20 

0 

00 

LOWER  SOUND 

0.  73 

0.  06 

0  98 

t  1 1 

l  24 
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APPENDIX  C 

ALLEGHENY  RIVER  WATER  QUALITY  DURATION  CURVES 

by 


R.  G.  WILLEY1 


GENERAL  INTRODUCTION 


« 

This  repor*  is  an  expansion  of  "Simulation  of  Streamflow  Regulation 
Effects  on  the  Water  Quality  of  the  Allegheny  River"  by  Paul  tt.  Hadley 
and  Gerald  T.  Orlob.  Preparation  of  the  duration  curves  was  beyond  the 
scope  of  the  contract  leading  to  this  report.  This  Appendix  was  written 
after  the  rest  of  the  report  was  completed  and  is  Included  for  the  readers 
convenience.  The  duration  curves  are  to  be  used  in  conjunction  with  water 
quality  benefit  curves  for  computation  of  the  water  quality  benefits  due 
to  modified  flow  regulations.  Numerous  graphical  displays  define  the 
water  quality  impacts  of  Kinzua  Reservoir  reregulation  (Pattern  A)  and  the 
impacts  of  the  entire  nine  Corps  Engineers  (COE)  Reservoirs  under 
present  regulation  (No  COE  Storage).  The  data  used  to  develop  these 
graphs  is  provided  in  Appendix  B. 

In  all  of  the  graphs  4n  this  Appendix,  the  same  legend  applies.  If 
no  impact  exists  the  Existing  Condition  symbol  *  ■  will  suppress  the 
Pattern  A  symbol  —  —  —  and/or  the  No  COE  Storage  symbol  —  ——.  The  graphs 
show  water  quality  constituent  vs.  percent  of  the  time  exceeded.  The 
water  quality  duration  cu'-ves  are  analogous  to  flow  duration  curves  in 
their  development  and  in  their  use  to  determine  average  annual  benefits. 


hydraulic  Engineer,  Hydrologic  Engineering  Center,  U.S.  Army  Corps  of 
Engineers,  Davis,  California. 
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ALLEGHENY  RIVER  WATER  QUALITY  AT  NATRONA 


The  integrated  impact  of  all  nine  COE  reservoirs  on  river 
temperature,  alkalinity,  pH  and  TDS  with  present  regulation  or  with 
Pattern  A  regulation  is  shown  in  Figures  C- 1  through  C-4. 


Allegheny  River  Temperature  at  Natrona 

The  graph  for  the  temperature  at  Natrona  during  the  1975  study  period 
(see  Figure  C- 1 )  shows  that  about  35%  of  the  time  the  No  COE  Storage  case 
would  cause  slightly  cooler  water.  No  impact  occurs  during  the  remaining 
time.  The  Pattern  A  case  shows  no  impact  compared  to  Existing  Conditions. 

During  the  1977  study  period  there  is  no  significant  impact  for 
either  alternative. 


Allegheny  River  Alkalinity  at  Natrona 

During  the  1975  study  period.  Fig-are  C-2  shows  that  the  alkalinity 
would  not  change  95%  of  the  time  for  the  Pattern  A  case  and  would 
experience  only  minor  impacts  due  to  No  COE  Storage.  The  No  COE  Storage 
case  would  be  slightly  lower  than  the  Existing  Condition  about  95%  of  the 
time.  Both  alternatives  would  exceed  Existing  Conditions  about  5%  of  the 
time . 


The  graph  for  the  1977  study  period  shows  that  the  alkalinity  for  the 
Pattern  A  case  exceeds  the  Existing  Condition  about  50%  of  the  time.  The 
No  COE  Storage  case  is  lower  than  the  Existing  Condition  case  about  90%  of 
the  time. 

In  general,  the  impact  of  the  alternatives  is  only  slightly 
significant.  Although  the  impact  is  difficult  to  predict,  existing 
regulation  probably  provides  a  slightly  higher  alkalinity  than  the 
alternative  cases  studied. 
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FIGURE  C-l.  ALLEGHENY  RIVER  WATER  TEMPERATURE  AT  NATRONA 
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FIGURE  C-2.  ALLEGHENY  RIVER  ALKALINITY  AT  NRTRONR 


Allegheny  Rivei  pH  Natrona 


During  the  1971  study  pet iod,  Figure  7-9  shows  that  the  pH  would  be 
slightly  lower  95*  of  *he  time  for  the  No  ,'OE  Storage  case  and  no  impact 
during  the  remaining  fine-  The  Pattern  A  uu»  has  no  impact. 


Durinq  tlie  1977  study  period,  the  pH  was  slightly  lower  than  the 
Existing  Condition  90%  of  the  time  for  the  No  COE  Storaqe  case.  During  an 
additional  2%  of  the  t  ime,  a  very  siqnifi-a.it  drop  in  pH  occurs  for  the  No 
COE  Storage  case.  The  Pattern  A  case  is  slightly  lower  than  the  Existing 
Condition  10%  of  the  time  and  no  impact  the  remaining  t.me. 

In  general.  slightly  decreased  pH  won  i  -mr  ,«»/-.«.•  *.  time  far  the  No 
COE  Storage  case.  No  si  gnifi-anh  impact  would  or'-ur  for  the  Pattern  A 
regulation . 


Allegheny  River  TDS  at  Natrona 


During  the  1975  study  period,  Figure  C-4  shows  that  the  Pattern  A 
case  would  cause  higher  TDS  than  the  Existing  Condition  about  30%  of  the 
time  and  no  s  i  g.i :  f  i  cant  impact  luring  the  remaining  time.  The  No  COE 
Storage  case  would  -a use  significantly  higher  TDS  than  the  Existing 
Condition  9S%  of  the  tii»“  and  lower  TDS  for  2%  of  the  time. 

The  graph  for  tV-  1977  study  period  shows  that  the  Pattern  A  case 
would  -ause  higher  ns  .in  the  Existing  condition  about  90%  of  the  time 
and  no  impact  the  remaining  time.  The  No  COE  Storage  case  is  only 

slightly  higher  than  *  he  Existing  Condition  about  50%  of  the  time  and  only 

slightly  lower  rno  athor  '.0%  of  the  time. 

In  general,  during  a  s:  rifmarit  portion  of  the  time,  the  Pattern  A 
regulation  would  -i  ise  Volier  TDS,  wit:i  no  impact  the  T_emaining  time.  The 

No  COE  Storage-  case  w-  ul  1  -au.se  higher  TDS  part  of  the  time  and  equally 

lower  TDS  the  rema;ninj  * i me .  The  proporti  >n  of  the  positive  or  negative 
impact,  time  can  not  1-*  ; -r  --  1 :  -t  e  1  . 
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FRENCH  CREEK  WATER  QUALITY  AT  MEADVILLE 


The  impact,  of  Union  City  and  Woodcock  Reservoirs  under  present 
regulation  is  contrasted  to  the  case  without  reservoir  storage.  The 
results  are  shown  at  Meadville  in  Figures  C-5  through  C-8. 

French  Creek  Temperature  at  Meadville 

During  both  the  1975  and  1977  study  periods,  Figure  C-5  shows  that 
the  projects  have  no  significant  impact  on  the  stream  temperature. 

French  Creek  Alkalinity  at  Meadville 

During  the  1975  study  period.  Figure  C-6  shows  that  the  alkalinity 
would  be  slightly  higher  for  the  No  COE  Storage  case  about  40%  of  the  time 
and  significantly  lower  about  40%  of  the  time. 

During  the  1977  study  period,  the  No  COE  Storage  case  causes 
significantly  lower  alkalinity  80%  of  the  time  and  only  slightly  higher  5% 
of  the  time. 

In  general,  the  alkalinity  for  the  unregulated  case  is  significantly 
lower  during  at  least  50%  of  the  time  with  only  minor  differences  the 
remaining  time. 

French  Creek  pH  at  Meadville 

During  both  the  1975  and  1977  study  periods,  Figure  C-7  shows  that 
there  is  little  impact  due  to  regulation  most  of  the  time,  with  a  slightly 
lower  pH  due  to  the  regulated  conditions  15%  of  the  time. 

French  Creek  TPS  at  Meadville 

During  the  1975  study  period  (see  Figure  C-8),  the  regulated  case 
causes  slightly  lower  TDS  20%  of  the  time  with  no  impact  the  remaining 
time  . 

During  the  1977  study  period,  slightly  higher  TDS  would  exist  during 
the  entire  time  for  the  regulated  case. 

Although  the  1975  impact  is  in  the  opposite  direction  of  the  1977 
impact,  the  magnitudes  of  the  impacts  are  too  small  to  be  of  any 
consequence . 
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FIGURE  C-5.  FRENCH  CREEK  WATER  TEMPERATURE  AT  MEADVIllE 


FIGURE  C-6.  FRENCH  CREEK  ALKALINITY  AT  MEADVILLE 
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KI SKIM I NETAS  RIVER  WATER  QUALITY  NEAR  VANDERGRIFT 


The  impart  of  Loyalhana  and  Conemaugh  Reservoirs  under  present 
regulation  is  contrasted  to  the  case  without  reservoir  storage.  The 
results  are  shown  near  Vandergrift  in  Figures  C-9  through  C-12. 


Kisk imi netas  _River  Temperature  near  Vandergrift 

During  both  the  19~S  an  1  1977  ctndy  per  i  ods ,  Figure  C-9  shows  that 
the  projects  cause  slightly  warmer  water  tinder  the  regulated  condition. 


K i s kimi netas  River  Alkalinity  near  Vandergrift 

During  both  the  197S  and  1977  study  period.  Figure  C-10  shows  that 
the  projects  cause  significantly  higher  alkalinity  under  regulated 
cond i t i ons . 


Kiskimi netas  River  pH  near  Vandergrift 

During  the  107$  study  perioi.  Figure  0-11  shows  that  the  projects 
cause  higher  pH  water  .over  9S%  of  «-he  time  under  regulated  conditions  and 
only  slightly  lower  pH  during  less  "han  *>»  of  the  time. 

During  the  19"7?  study  period,  mp  projects  cause  significantly  higher 
pH  all  the  time. 

In  general,  higher  pH  should  be  expected  most  if  the  time  under 
regulated  conditions. 


Kiskimi net as  River  TPS  near  Vandergrift 

During  the  197*1  study  period.  Figure  C- 1  ?  shows  that,  the  regulated 
cond i 1 • ons  caused  slightly  lower  TOE  over  90%  of  the  time  and  slightly 
higher  TDS  during  10%  of  the  time. 

During  the  1977  study  period,  regulated  conditions  caused 
significantly  lower  TDS  99%  of  the  time. 

In  general  r.'mi’  a",  el  conditions  would  cause  lower  TDS. 


SKIMINETAS  RIVER  WATER  TEMPERATURE  NEAR  VANDERGRIFT 


FIGURE  C-10.  KISKIMINETRS  RIVER  flLKRL INI TT  NEAR  VflNDERGRIFT 


FIGURE  C-II.  KISKIMJNETRS  RIVER  PH  NERR  VRNDERGRI FT 
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FIGURE  C-12.  KISKIMINETflS  RIVER  IDS  NEAR  VRNDERGRIFT 


CLARION  RIVER  WATER  QUALITY  NEAR  ST.  PETERSBURG 


The  impact  of  the  East  Branch  Clarion  Reservoir  under  present 
regulation  is  contrasted  to  the  case  without  reservoir  storage.  The 
results  near  St.  Petersburg  are  shown  in  Figures  C-13  through  C-16.  Note 
that  these  results  do  not  include  any  effects  of  Piney  Dam  regulation. 

Clarion  River  Temperature  near  Sb.  Petersburg 

During  both  the  1975  and  1977  study  periods  (see  Figure  C-13),  no 
impact  is  predicted  near  St.  Petersburg  for  temperature  due  to 
regul at i on . 

Clarion  River  Alkalinity  near  St.  Petersburg 

The  graph  of  the  1975  study  period  (see  Figure  C  —  1 4 )  shows  that  the 
alkalinity  from  the  unregulated  case  is  slightly  higher  for  20%  of  the 
time  and  slightly  lower  for  20%  of  the  time. 

"he  graph  for  the  1977  study  period  shows  that  there  is  no 
significant  impact  on  alkalinity. 

Tn  general,  only  slight  impact  on  alkalinity  may  be  caused  by 
regulation  for  a  very  short  period  of  time. 

Clarion  R;ver_  pH  near  St.  Petersburg 

The  graph  of  the  1975  study  period  (see  Figure  C-15)  shows  that  the 
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Clarion  River  TDS  near  St.  Petersburg 

During  both  the  IOCS  and  1977  study  periods  (see  Figure  C-16),  the 
legal  ated  case  caused  signif  i-~ant.lv  lower  Ti  about  50%  of  the  time,  with 
no  significant  impact  during  the  remaining  time. 


FIGURE  C-13.  CLARION  RIVER  WATER  TEMPERATURE  NEAR  ST.  PETERSBURG 


FIGURE  C -16.  CLARION  RIVER  TDS  NEAR  ST.  PETERSBURG 


CONCLUSIONS 


The  water  quality  impacts  due  to  the  Pattern  A  regulation  and  the  No 
TOE  Storage  (unregulated)  case  are  summarized  below.  These  conclusions 
include  generalizations  of  the  results  from  both  study  periods  and  discuss 
only  the  significant  impacts. 

Temperature 

Temperature  impacts  on  the  Allegheny  River  are  significant  at  Warden 
due  to  Ki nzua  Pam  regulation  but  are  rather  difficult  to  predict. 
Simulation  results  show  that  present  regulation  will  cause  higher 
temperatures  sometimes  and  lower  temperatures  other  times.  These  impact 
are  insignificant  at  Natrona  due  to  the  moderating  effects  or 
meteorological  conditions  during  the  travel  time  i  nvolve-1.  Also,  *•  V 
upstream  impact  receives  no  reinforcement  from  the  three  major 
tr ihutar i es . 

The  Clarion  River  impacts  are  similar  to  the  Allegheny  River  wit'- 
simulation  results  showing  significant  impact  occurring  at  Ridgeway  but  no 
influence  at  Piney  or  St.  Petersburg.  The  Ridgeway  impact  can  cause 
higher  or  lower  temperature  releases  at  different  times. 

A1  kalinity 

Simulation  results  show  that  alkalinity  impacts  on  the  Allegheny 
River  are  significant  at  Warren  due  to  Kinzua  Dam  regulation  but  are 
difficult  to  predict.  The  present  regulation  will  cause  higher  values 
sometimes  and  lower  values  other  tomes.  Pattern  A  regulation  always 
causes  either  the  same  alkalinity  as  existing  regulation  or  significantly 
higher  values  at  Warden. 

The  impacts  it  Warden  ave  greatly  reduced  by  the  time  they  get  to 
Natrona.  The  present,  regulation  generally  causes  higher  alkalinity  at 
Natrona  due  to  the  Influences  of  the  French  Creek  and  the  Kiskiminetas 
River.  The  Pattern  A  regulation  at  Kinzua  Dan  does  not  cause  any 
si  qn  i  f  i  cant,  impact  at  Natrona. 
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Simulation  results  show  that  the  pH  impact  on  the  Allegheny  River  at 
Warren  is  significant  but  difficult  to  predict.  The  present  regulation 
can  cause  either  a  higher  or  lower  pH  discharge.  The  Pattern  A  regulation 
causes  either  the  same  or  slightly  higho’-  pH  than  the  present  regulation. 

The  pH  at  Natrona  under  present  regulation  is  higher  due  to  the 
influence  of  the  Kiskimi  netas  and  Clarion  Rivers.  The  Pattern  A 
regulation  does  not  cause  any  significant  impact  at  Natrona. 

The  Clarion  River  has  significantly  lower  pH  at  Ridgeway  under 
regulated  conditions,  with  decreasing  impact  in  the  downstream  direction. 
At  St.  Petersburg,  a  higher  pH  occurs  under  present  regulation  during  30% 
of  the  time. 


TPS 

At  Warren,  simulation  results  show  that  present  regulation  causes 
7A-1 no  mg/1  less  TDS ,  witn  decreasing  impact  downstream.  Pattern  A 
regulation  causes  considerably  less  impact,  about  1S-30  mg/1,  at  Warren 
and  downstream. 

The  TPS  impact  at  Natrona  is  significantly  re. luce  1  from  that  at 
Warren  and  usua’ ly  has  lower  TDS  under  present  regulation.  Pattern  A 
regul  at  ion  impacts  at  Natrona  are  simil  a<- .  The  change  between  Warren  and 
Na':  rona  is  influenced  mostly  by  the  Clarion  River. 

The  Clarion  River  regulation  has  significant  impact  and  causes 
decreased  TDS.  While  the  impact  is  greatest  (about  300  mg/1)  at  Ridgeway, 
it  emtinues  to  remain  significant  (about  SO  mg/1)  downstream. 


